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PREFACE. 



THAT the reader may be duly prepared 
for the peruial of the following Trea- 
tife, it will be neceifary that he iirft 
acquaint himfelf with the genuine Method 
and Rules of Philofophizing, as they have 
been delivered by Sir Isaac Newton. 

His Method of Philofophizing is thus laid 
down in his Opticks *. 

" As in mathematicks, fo in natural philo- 
*• fophy, the inveftigation of difficult things 
•* by way of Analyjis, ought ever to precede 
** the method of compolition. This Analyjis 
** confifts in making experiments and obfer- 
*' vations, and in drawing general conclufions 
" from them by indudtion, and admitting of 
*• no objections againft the conclufions, but 
" fuch as are taken from experiments or other 
** certain truths. And although the arguing 
** from experiments and obfervations by in- 
*• duftion be no demonflration of general 
•* conclufions ; yet it is the beft way of ar- 
** guing which the nature of things admits 
*' of, and may be looked upon as fo much 
** the ftronger, by how much the indudtion 
* Opt. p. 380. 

A 2 ** is 

416662 



PREFACE. 
" is more general. And if no exception oc- 
■' cur from Phenomena, the conclufion may 
■ ■■' be pronounced generally. But if at any 
' <• time afterwards, any exceptions ihall occur 
'* from experiments, it may then be pro- 
** nounced with fuch exceptions asfliall occur. 
" By this way of Analyjis, we may proceed 
*• from compounds to ingredients, and from 
•* motions to the forces producing them j 
*' and in general from efFeds to their caufes, 
" and from particular caufes to more general 
'* ones, till the argument ends in the moft 
«* general. This is the method of Analyjis : 
•* And the Synthefis confirts in alTuming the 
'* caufes difcovered, and eftablifhcd as prin- 
" ciples, and by them explaining the Pba- 
" nomcna proceeding from them, and proving 
** the explanations." 

His Rules of Philofophizing, delivered In 
his Principles *, are thefe four. 

1 R U L E I. 

■" *• More caufes of natural things are not to he 
** cdmiitedt than are both true and fi^dent 
'* for explaining their ph^znomena. 

" Thus Philofophers fay ; nature does no- 

*' thing in vain, and in vain that is done by 

" more caufes, which can be done by fewer; 

** For nature is fimple, and delights not in 

fuperfluous caufes of things." 

• Philof. Nalur. Princip. Maihemat. p. 387. 

RULE 
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R U L E II. 
" Of natural eff'eBs therefore of the famt 
kind the fame caufes are to Be aligned, as far 
as it can be done. 

" As of refpiration in a man and in a 
beaft ; of the defcent of ftones in Europe 
and in America ; of light in a culinary lire 
and in the fun ; of the reflexion of light in 

■ the earth and in the planets." 

RULE III. 
" ^he qualities of bodies which cannot be 
• increafed and diminified, and which agree 
'■ to all bodies in which experiments can be 

■ mad^^ are to be reckoned as qualities of all 
' bodies whatfoever. 

" For the qualities of bodies are not known 

■ but by experiments ; and therefore, as ma- 
' ny are to be reckoned general as generally 
' agree witli experiments, and thofe which 
' cannot be diminillied cannot be taken 
' away. Certainly dreams are not to be de- 

' vifed at pleafure contrary to the tenor of 

■ experiments ; nor muil: we depart from the 
' analogy of nature, lince fhe is wont to be 

■ fimple, and always confonant to herfelf, 
' The extenfion of bodies is not known but 
' by the fenfes, nor Is it perceived in all bs- 
' dies : but bccaufe it agrees to all bodies 
' wliich are perceiveable, it is affirmed of all 

A3 *' what 
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whatfoever. We experience many bodied 
to be hard. But the hardnefs of the whole 
arifes from the hardnefs of the parts, and 
thence with good reafon wc conclude the 
undivided parts not only of thofe bodies 
which are perceived, but alfo of all others, 
to be hard. We gather all bodies to be 
impenetrable, not by reafon, but by fenfe. 
We find the bodies we handle to be im- 
penetrable, and thence conclude impene- 
trability to be a property of all bodies what- 
foever. That all bodies are moveable, and 
by certain forces (which I call vires iner- 
tice) perfevere in motion or reft, we gather 
from thefe fame properties in bodies which 
are feen. Extenfion, hardnefs, impenetra- 
bility, mobility, and vh inertits of the 
whole, arife from the extenfion, hardnefs, 
impenetrability, mobility, and vis inertia 
of the parts J and thence we conclude that 
all the leaft parts of all bodies are extend- 
ed, and hard, and impenetrable, and move- 
able, and endued with vires inertias. And 
this is the foundation of all Philofophy. 
Farther we know from xht Phenomena, that 
the parts of bodies which are divided 
and mutually contiguous to one another, 
may be feparated from one another; and it 
is certain from mathematicks, that the un- 
divided parts may by reafon be diftin- 
•* guifhed 
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■ guifhed into lefs parts. But whether thofe 

■ parts diftiniS, and not yet divided, can 

■ by the powers of nature be divided and 

■ feparated from one another, Is uncertain. 

■ But if it fhould appear, even by one fingle 
'■ experiment, that by breaking a hard and 

■ folid body, any undivided particle fuffered 
' a divifjon ; we might conclude by the 
' force of this Rule, that not only the di- 
' vided parts were feparable, but that the un- 
' divided parts might be divided in injinitum. 

Lajilyt If it be univerfally evident by 
' experiments and aflronomical obfervations, 
' that all bodies round the earth gravitate 

* towards the earth, and that in proportion 

* to the quantity of matter in each, and that 
' the moon gravitates towards the earth in 

* proportion to its quantity of matter, and in 
' like manner our fea gravitates towards the 

* moon, and that all the planets mutually 
' gravitate towards one another, and that 
' there is a fimilar gravity of comets to- 
' wards the fun -, we muft pronounce by 

* this Rule, that all bodies gravitate mutu- 
' ally towards one another. For the argu- 
' ment from the Fhmiomena will be ftronger 
' for an univerfal gravity, than for the im- 

* penetrability of bodies, concerning which 
■' in the heavenly bodies we have no experi- 
'* ment, no obfervation at all." 

A 4 RULE 



a 

^€ 

€C 
€C 
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R U L E IV^ 

^^ In experimental Phihfophy propojaionf 
•/ colleSled from the Phaenpmena by induSliorri 
are to be deemed, notwithftanding contrary 
Hypothefes, either mccnrately or very nearly 
true, till other Phxnomenz occur, by wbicfo 
they may be rendered either more accurati 
^^ or liable to exceptions. 

** This ought to be done, left arguments 
*^ of indudlion fhould be deftroyed by Hy^ 
^' pothefes:^ ^ 

^ This Method and thefc Rules> have beeii 
ftirefuUy obferyed by our Author in thefe 
LECTURES; which, ffom the clearnefs and 
diffufivenefs of the ftile^ and the eafy and 
juft manner of reafoning, are, in my opini- 
on, better fitted for the iriftrudlion of youth,' 
than any thing which I have feen on this 
fubjeft. 

I have addfed a few Problems by way of 
Appendix. 
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LECTURE I. 



Of attraction. 



AS natural philofophy is a fcience in its own L e 
nature entertaining and delightful, and 
withal conducive in many inllances to the""^ 
eafe and convenience of life ; it is not to be win- 
dered that there have been men in all ages who 
have laid themfelves out in the improvement and 
cultivation of it. But it is a matter of no fmall 
furprize to think how inconfiderable a progrefs the 
knowledge of nature had made in former ages, 
when compared with the vaft improvements it 
has received from the numberlefs difcoveries of la- 
ter times ; infomuch, that fomc of the branches 
of natural philofophy, which at this day is almoil 
compleat in all its parts, were utterly unknown 
before the laft century. If we look into the rea- 
fon of tliis, we ftiall find it to be chiefly owing to 
the wTong meafures that were taken by philofo- 
phers of former ages in their purfuits after natural 
knowledge : for tliey difregarding experiments, the 
only fure foundation whereon to build a rational 
philofophy, bufied themfelves in framing hypo- 
thefes, for the folution of natural appearances, 
which as they were creatures of the brain, without 
any foundation in nature, were generally fpeak- 
ing fo lame and defeftive, as in many cafes not to 
anfwer thofe very phjenomena for whole fakes they 
had been contrived. Whereas the philofophers of 
later times, laying afide thofe falfe lights, as being 
of no Other life than to mifguide the imderltanding , 
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LicT- in its fearches into nature, betook themfelves to 
experiments and obfervations ; and from thence 
collefted the general powers and laws of nature ^ 
which with a proper application, and the afliftancc 
of mathematical learning, enabled them to account 
for moft of the properties and operations of bodies ; 
and to folvc many difficulties in the natural ap- 
pearances, which were utterly inexplicable on the 
foot of hypothefcs. By this means has natural phi- 
lofophy within the compafs of one century been 
brought out of the greateft darknels and obfcurity 
into the cleared light; and this has been chiefly 
o^ng to the unparalleled abilities, and indefatiga- 
ble induftry of that great and accurate philofopber 
Sir Isaac Newton ; who to his great honour has 
in his principles of natural philolbphy, and his in* 
comparable treatife of light and colours, cleared 
more difficulties, and dilcloied nK>re and more im- 
portant truths relating to nature, than are to be met 
with in the voluminous writings of aU that went 
before him. To illuftrate fome of thcfe truths by 
experiments is the <kfign of this courfe, which con* 
fife of four parts. In the firft are confidered folid 
foodies and their properties. In the fecond water 
and watery fluids. In the third the elaftic fluid of 
air. And in the laft the fubtile fluid of light. But 
before I proceed to thefe particulars, it will be ne- 
ceflTary to fay fomething concerning certain prin- 
ciples, forces, or powers, wherewith all parts of 
matter of what kind foever, fo far as experience 
reaches, feem to be endued •, and whereby they adt 
upon one another for producing a great part of the 
phaenomena of nature. 

Such is firft that power whereby the minute par- 
ticles of matter do in fome circumftances tend to- 
. wards one another, which is commonly called at- 
traftion ; the caufe whereof is in a great meafure 
unknown, tho' the thing itfelf is manifeft from ex- 

£xp. I. periments. For if two poliflicd plates of brafs he 

4 laid 
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Of attraction. 3 

laid one upon another, having their contigumis fides L e c t. 
fmeared with oil, they will cohere in vacuo, and . ^- . 
with fuch firmneis, that when they are fufpended, ' '^ 
the force of gravity in the lower plate will not 
fufficc to feparate and pull them afnnder. 

That the cohefion of thefe plates is to be attri- 
buted to the mutual attraftions of their contiguous 
parts, cannot I think admit of a doubt, fince the 
preffure of the outward air on their external fur- 
faces, (to whofe force this effeft might otherwife 
have been attributed) is in this cafe taken off. 

The ufe of the oil is to fill up the minute cavi- 
ties in the furfaces, and by fo doing to prevent the 
lodgment of air between the plates ; which upon 
the removal of the outward air would expand itfelf 
by reafon of its elafticicy, and thereby force the 
plates afunder. 

The forementioned attraftion is in like manner 
collefted from the following experiments. 

If two plane polifhed plates of glafs be laid toge- Erp. 2.- 
ther, fo that their fides be parallel, and at a very 
fmali diftance from one another ; and their lower 
edges be dipped in water-, the water will rile up 
between them, and the lels the diftance of the 
glaffes is, the greater will the height be to which 
the water rifes. If the dillance be about the hun- 
dredth part of an inch, it will rife to the height of 
about an inch ; and if the diftance be greater or lefs 
in any propordon, the height will be reciprocally 
proportional to the diftance very nearly. 

The reafon v/hy the water afcends between the 
jdates is, that thofe parts of the furfaces of the 
giaiTes which lie next above the furface of the wa- 
ter, and are contiguous thereto, artraift the water, 
and by that means caufe it to afcend ; and this 
afcent continues till the weight of the elevated 
water becomes equal to the force of the attrafting 
furfaces, and then the motion ceafes, the water 
tending as much downward by the force of its own 
gravity. 
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I I. E c T. gravity, as it doth upward by die attraftion of the 

I- glafles. 
"*- ' Tiie reafon why the water rifcs to heights which 

I are inverdy as the dillances of the glaflcs, is this ; 

( the abfolute attraftive force of the glailes, whereby 

S the water is raifed, continues unvaried whatever be 

'■ the diftance of theglalTes; for the height and length 

f . of the glafs furfaces, whole attraftions influence the 

iafcent of the water, are always the fame, and con- 
fequently the attraftive force muft be fotooj and 
for that reafon will conrtantly fupport the fame 
weight of water ; but the quantity and confequently 
the weight of the elevated water will always be the 
fame, ii its height be reciprocally as its bafe, that 
J: is, in this cafe, as the diftance of the plates ; for the 

; length of the bafe being equal to the length of 

f- the plates, it continues unvaried; and therefore the 

bafe will ever be as its breadth, that is, as the in- 
terval between the plates, 
lip. 3- If the glafs plates inftead of being fet parallel to 
one another, be made to meet at one of their ends, 
and kept at a little diftance at the other ; and their 
i' lower edges be then dipped in water, fpirit of 

, wine, or any other convenient liquor; the inward 

■ fides of the plates being firft moiftened with a 

clean cloth dipped in the liquor ; the liquor will 
rife between the plates ; and the upper furface of 
li the elevated liquor will form a curve, the heights of 

twhofe feveral points above the furface of the ft^- 
nating liquor will be to one another reciprocally as 
their perpendicular diftances from the concourfe of 
Fig. I. the plates. For the illuftration of which, let AE be 
the furface of the ftagnating liquor wherein the lower 

I edges of the plates are immerfed, AH the concourfe 

of the plates, and F, G, I, K, L the curve formed 
by the furface of the elevated liquor ; from any 
points in the curve as G, I, K, L taken at pleafure, 
let fall the right lines GB, IC, KD, LE perpen- 
dicular to AE, and thofc lines will expreis_the 
heights 
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heights of the refpeftive points of the curve above L e c t* 

the furface of the ftagnant liquor ; whilft A B, A C, ^J; 

AD, AE denote the perpendicular diftances of the 
fame points from the concourfe of the glafles ; now 
thefe heights and diftances are to one another in a 
reciprocal proportion : for if we fuppofe the lines 
GB, I C, K D, LE to be fo many pillars of liquor 
cbnfifting of four fides, two of which are terminat- 
ed by the plates, and the other two by the conti- 
guous liquor j and if thofe. fides which lie next the 
plates be of an equal but exceedingly fmall breadth 
m all the pillars, then will the attracting furfaces of 
the plates which fupport thofe pillars be likewife 
equal, and confequently the quantities fupported^ 
that is, the pillars muft be fo too. But in order to 
have them equal, their heights muft be reciprocally 
proportional to their bafes ; which bafes inafmuch 
^s they are fuppofed to be equally broad muft be 
as their lengths, that is, as the intervals between 
the glafles in thofe parts where the pillars are taken j. 
and therefore the heights of the pillars muft be re- 
ciprocally as the intervals between the plates ; buc 
from the nature of fimilar triangles the intervals 
between the glafles at different diftances from the 
concourfe are to one another diredly as thofe dif- 
tances ; whence it follows, that the heights of the 
pillars are to one another reciprocally as their re- 
fpeftive diftances from the concourfe of the plates ; 
that is, if GB be double of I C, then is AC double 
ofAB. 

From what has beeh faid it is plain that the 
curve formed by the upper furface of the devated 
liquor muft be an hyperbola ; for from the nature 
or the hyperbola the external ordinates are recipro- 
cally, as the abfciflTae ; wherefore if A B, AC, A D, 
AE be taken for the abfciflse; then will BG, CI, 
D K, EL, be the refpeftive ordinates ; and confe- 
quently the curve which pafles through the points 
• G, I, K, L is an hyperbola, 

2 As 
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Exp. 4. 



As water or any other proper fluid afccnds be- 
tween polifhed plates of glafs by the force of their 
attraftions j fo does it likewifc in flender pipes of glafs 
open at both ends ; for if fuch tubes be dipped 3t 
one end into water, fpirit of wine, or any other 
convenient fluid, the liquor will rife within the pipes 
to a confiderablc height, and this experiment (as 
alfo thofe before made) fucceeds in the very farhtf 
manner in vacuo, as in the open air, for the liquor 
conftantly afcends to the fame height in both. 

That the afcent of liquor in thefe fmall tubes, 
as alio between polifhed plates of glafs, is to be at- 
tributed to fomc power in the glals ftrongly afting 
} , , on the liquor, and not to the prefTurc either of the 
ftagnating liquor or incumbent atmofphere, is evi- 
}t dent from this confider^ition ; that as much of the 

liquor remains fufponded in the pipes, and between 
', ' the plates, when they are lifted out of the ftagnat-* 

ing fluid, either in vacuo or the open air, as was 
elevated above the furface of the fluid, while they 
were immerfed therein : and therefore whatever caufe 
concurred to the elevating of the liquor while the 
plates q,nd pipes were therein immerfed, and expofrd 
to the air; the fame contributes as powerfully to keep 
it up, when the ftagnating liquor is removed, and 
the preflAjre of the atmofphere taken off, and confe- 
quently muit be fome power inherent in the glafs. 

The heights to which the liquor rifes in (tender 
jHpes, are to one another reciprocally as the diame- 
ters. For the power which raifes the liquor in a (len- 
der pipe, being the attraiflive force of that part only 
of the internal concave furface which lies next 
above the liquor, and conllitutes a ring of an inde- 
finitely fmall height, which height is ever the fame 
whatever be the diameter of the ring, becaufe the 
diftance to which the attractive force of glafs 
reaches is unvaried ; and the aitraii^ive force of fucK 
an annular furface being as the number of attrafting 
parts whereof it is compofed, that is, as the furface, 
which 
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•which becaufe its height is given is as the periphe- L e c t. 
ry, that is, as the diameter, the attraftive force of *• 
the pipe mult be as the diameter. Wherefore if in ^'^'~~" 
comparing the forces of two fuch pipes we make 
F to denote the attraftive force of the larger, and f 
the artraftive force of tlie fmallcr, and alio D and 
d to denote their diameters ; we Ihall have this ana- 
logy, viz. F : f : : D : d, diat is, the force of the 
larger pipe is to that of the fmaller as the diame- 
ter of the larger to the diameter of the fmaller : 
but thefe forces are likewife to one another in the 
fame ratio with tlie quandties of liquor which they 
keef) fufpended, for they continue to elevate the li- 
quor till fuch time as the weights, and confequently 
the quantities of liquor drawn up, become a balance 
to the attrafting forces. Wherefore if H be put 
for the height of the liquor in the pipe, whofe dia- 
meter is D, and Ii for its height in the pipe whofe 
diameter is d; then will H mulciplied into thefquare 
of D be as the quantity of liquor in the larger pipej 
and h multiplied into the fquare of d as the quan- 
tity of liquor in the fmaller pipe ■, whence we have 
this fecond analogy F : f : : H x D* : h x d^ i and 
by fubftituting D and d in the room of F and f, 
to which they are proportional, as appears from 
thefirft analogy, we Ihall have D : d : : HD' : hd*-, 
and then multiplying extreams and means, and 
throwing oft' fimilar quantities, we fhall have 
HD — hd, and by refolving this equation into an 
analogy, we Ihall have H ; h : ; d : D, that is, the 
height to wliich the liquor rifcs in the larger pipe is 
to the height to which it riles in the foaller, as 
the diameter of the fmaller pipe to that of the larger j 
fo that the heights of the liquor are reciprocally 
proportional to the diameters of tlie pipes. 

By virtue of this attraftive force, wherewith fmall 

pipes are endued, plants receive nourifhment from 

the earth; the (lender tubes wliereof their roots are 

compofed, fucking in various juices according to 

B their 
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L E c T. their different natures and conftituiions. From the 
'■ ^fame attrafliv'e force it is that fponges take in wa- 
* ter ; and that water afcends in loai' fugar, when 
any part of it is dipped therein ; thofe parts of the 
fiigar which lie next above the water attrafting, 
and thereby raifing the fame. And here it mull 
be obfcrved that the water rifes by the aftion of 
thofe particles alone which are contiguous to, and 
lie next above the furface of the elevated water; 
thofe particles which are at any the Icaft fenfiblc 
diftance above the water being too far removed to 
influence the water by their attraftions : and what 
has been thus obfervcd of fugar, is likewife true of 
polifhed plates, (lender pipes, and every other at- 
trafting body, by virtue ot whofe attraftions fluids 
arc raifed. For if thofe parts of attrafting fur- 
faces which are at any fenfible diftance above the 
furface of the fluid, do in any meafure contribute 
to the afcent ; it is evident tliat the fluid ceteris pa- 
ribus muft rift' to a greater height when the attract- 
ing furfaces are continued to a confiderabk height 
above the elevated fluid, than when they terminate 
at a very little diftance above the fame. But the 

Exp. J. contrary- appears from experiment. For if two po- 
liftied plates of glafs fet parallel to one another at 
the diftance of about the hundredth part of an inch, 
be immerfed in water fo far that only an inch and 
one tenth be fuffered to remain above the water, 
tlie water will rife up between them to the height 
of about an inch ; and if the furface of the ftag- 
nating water be then deprefled by drawing off 
fome of the water, the elevated water will likewife 
defcend between the plates fo as ftill to preferve the 
height of about an inch and no more. 

Exp. 6. If a poliflied plate of glafs be laid parallel to the 
horizon, and another plate of the fame kind be laid 
thereon, fo as that they may touch at one of their 
ends, and be kept at a very fmall diftance at the 
Other : being lirll jrioiftened on their inward fides 
' with 
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I with a clean clorh or feather dipped in oil of o- L 
I ranges -, and if a drop of the oil be placed be- 
I ■ tween the plates at that end where they are at feme 
I diftance from each other, fo as that It may be touch- 
I ed by both the plates, it will begin to move to- 
I wards the concourfe of the glafles, and will continue 
|) to go on with an accelerated motion till it arrives 
at the concourfe. And if during the motion of the 
drop, that end of the glafles where they meet, 
and towards which the drop moves, be lifted up, the 
drop will neverthelefs continue its motion, and of 
confequcnce muft be attrafted ; but as the end of 
the glafles is railed Jiigher and higher, the drop will 
afcend more and more flowly, till at laft upon a 
certain elevation of the plates the motion ceafes, the 
gravity of the drop, wherewith it tends downward, 
becoming equal to the attraclive force whiiji draws 
it upward ; as appears from this, that upon giving 
the plates the Icalt degree of elevation beyond what 
is neceflary to ftop the drop, it itraightway begins 
to defcend, its gravit)' in that cafe overcoming the 
flttraftion. 

By the help of this phsenomenon may the force 
be determined, wherewith the drop is attracted at 
all diftances from the concourfe of the glafles. For 
that part. of a body's gravity whereby it is carried 
down an inclined plane, is to its abfolute weight, 
as the fine of the angle of the plane's elevation, to 
the Radius, or as the perpendicular height of the 
plane to the length thereof ■, and therefore may be 
denoted by the perpendicular lieight applied to the 
length ; and where the length of the plane is given, 
that force will be every where as the fines of the 
angles of elevation, or the perpendicular altitudes 
of the plane -, as fliall be made appear when I come 
to treat of the defcent of bodies on inclined planes. 
If therefore the fines of fuch elevations of the. plates 
as are neccflTar)' to ftop the motion of the drop, be 
taken at two different diltances of the drop from 
B ; the 
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L E c T. the concourfe of the plates ; thofe fines will de- 
^•^ ^ note the refpeftive gravities of the drop, and con- 
' fequently the attraftive forces, wherewith the plates 
aft upon the drop at each of thofe diftances. Thus 
for inftance, if the diftances of the drop from 
the concourfe of the glaffes be as one and two ; 
and the fine of the elevation neceflary to ftop the 
motion of the drop when at the fmaller diftance be 
as four, and when at the greater diftance as one ; the 
gravity of the drop, wherewith it endeavours to de- 
fend at the forementioned diftances of one and two, 
will be as four and one. For the illuftration of 

Fig. 2. which, let AB and AC reprefent the plates at dif- 
ferent elevations -, F and G the places where the 
drop ftands upon thofe elevations ; then will B D 
and CE denote the forces of gravity wherewith 
the drop endeavours to defcend along the plates in 
the points F and G, which forces are equal to the 
attraftions of the glaffes in thofe points ; and if 
BF and CG the diftances of the drop from the 
concourfe of the plates be as one and two, and 
BD and CE as four and onej then is the at- 
traftive power wherewith the glaffes aft upon the 
drop at'F, to the force wherewith they aft upon 
it at G, as four to one, that is, reciprocally, as the 
fquares of the diftances of the drop from the con- 
courfe of the glaffes •, and this is nearly the cafe, a$ 

Exp* 6. yf\\\ appear from the experiment. 

Tho* the drop be attrafted by forces that are in 
the reciprocal duplicate ratio of the diftances of 
the drop from the concourfe of the glaffes ; yet are 
the attraftions within the fame quantities of attrac- 
ting furface in the reciprocal fimple ratio only of 
thofe diftaiices : for as the drop moves towards the 
concourfe of the glaffes, it muft fpread and touch 
each glafs in a larger furface ; and this fpreading is 
always proportional to the leffening of the interval 
between the glaffes ; and of confequence from the 
nature of CmiJar. triangles, it is likewife proportional 

• t» 
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to the diminution of the diftance from the concourfe. L e 
So that the force which adts upon the drop is in- 
creafed as the drop approaches the concourle in the 
fimple reciprocal ratio ot the diftance, on account 
of the inlargetnent of the attrafting lurface in that 
proportion ; and therefore in a given quantity of 
attraifting furface the force muft be in the reciprocal 
fimple ratio of the diftance from the concourfe ; 
that is to fay, any given portion of the glafs fur- 
faces taken at the diftance of one inch from their 
concourfe muft aft with twice the force that it does 
at the diftance of two inches, and with thrice the 
force that it does at the diftance of three inches, and 
fo on. Hence it will be found that the attraiftive 
force of one and the fame Ilender pipe of a conical 
figure is given -, or in other words, that the at- 
traftive force wherewith a conical pipe is indued 
at any one diftance from the vertex of the cone> 
is equal to the atcraftive force of the fame at any 
other diftance from the vertex ; fo that the at- 
traftive force of a conical pipe is in every part 
equal throughout the whole length of the pipe ; 
and may be exprefted by the "diameter of a circular 
leftion of the pipe taken at any diftance from the 
vertex, applied to that diftance. For the attracti- 
on in any part of fuch a pipe, is as the quantity 
of attrading furface in that part multiplied into 
the abfolute force ; but the quantity of attracting 
furface in ahy part is as the diameter of that part, and 
the abfolute force is reciprocally as the diftance from 
the vertex-, wherefore if A be put to denote thediftance 
of any part from the vertex and D the diameter, 

^ will exprefs the attradion of that part i but from 

the nature of fimilar triangles the diameters of the 
circular feftions of a cone taken at different dif- 
tances from the vertex are to one another as the dif- 

; tances, confequently x is a ftanding quantity. 

B 3 Wliorefprp 
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L E c T. Wherefore fince the attraftive force in every part of 

J* ^ a conical tube is denoted by a quantity which is in- 

rariable, it follows that the force is fo too -, fo that 
in this refpeft conical pipes do not differ from thofe 
of a cylindrical form ; but herein lies the difference, 
that in very flender pipes where the diameters are 
equal, the attractions of fuch as are conical do far 
furpafs the attractions of thofe which are cylindri- 
cal. And indeed fo exceeding great does this at- 
tractive force become with refpeCt to the quantity of 
attract ingfurf ace in that part of a conical pipe, where 
the diameter is but one part of an inch divided into 
ten millions (if fuch minutenefs may be fuppofed) 
that if the attraction of a cylindrical tube, whofe 
diameter is an inch, were as great with refpeCt to 
its quantity of attracting furface, it would be able 
to fupport a column of water an inch in diameter 
and upwards of three miles in height. For let us 
fuppofe a conical tube whofe bafe is an inch in dia- 
meter to be continued till the diameter is fo far dimi- 
ijifhed as to equal only one part of an inch divided 
into ten millions •, it is evident from what was juft 
now faid, that the whole attractive force of fuch a 
pipe, where its diameter is an inch, is equal to the 
whole attractive force of the lame, where the dia- 
meter is but the ten millioneth part of an inch -, con- 
fequently if a portion of the larger attracting furface 
be taken equal to the fmaller attracting furface, 
the force of that will be to the force of this, as the , 
force of the fmaller furface divided by the number 
* of parts in the larger furface, to the force of the 
fmaller furface, that is, as one divided by ten mil- 
lions to one. If therefore a conical, or indeed a 
cylindrical tube an inch in diameter (for where the 
diameter is fo large there is fcarcely any difference) 
was indued with an attractive force as great in pro- 
portion to its quantity of attracting furface, as is a 
conical tube of the ten millioneth part of an inch in 
diameter, its force would be ten millions of times 
- . . greater 



Of attraction. 13 

greater than it is, and of confequence would raife L e c t. 
the water ten millions of times higher than it doth ^ •_ . 
at prefent : but it has been found by experience ''"^ 
that in a cylindrical tube of an inch in diameter, the 
water will rife to the height of about the fiftieth 
part of an inch, and tiierefore if the force by which 
it rifes was augmented in the foremcntioned pro- 
portion, it muft rife to the height of two hundred 
thoilfand inches, which being divided by fixty three 
thoufand three hxindred and fixty, the number of 
inches in a mile, gives three and a little more in 
the quotient. 

The quantities of liquor fupported by the attrafti- 
ons of flender conical pipes are to one another, as the 
diameters of the little circular furfaces of the elevat- 
ed liquor, applied to tiie refpeftive diftances of the 
fame circular furfaces from the vertices of the feve- 
ral cones whereof the pipes are portions. For it 
has been proved that the attraftive forces of conical 
pipes are as thofe quantities ; and therefore the • 
weights which they fupport muft be fo too. Hence 
it follows that the lefs the proportion Is, which the 
diftance of the elevated liquor's furface from the 
vertex of the cone bears to the diameter of the 
tame furface, or which amounts to the fame thing, 
the falter the fides of tlie pipe converge, the ftrong- 
er is its attractive force, and the greater the quan- 
tity of liquor which is fupported- 

The firm union and ftrong cohefion of the par- 
ticles of folid bodies feems to arife from this force, 
wherewith they mutually attraifl each other ; which 
as it appears to be exceeding ftrong in the imme- 
diate contafi: of the particles, fo is it found by ex- 
perience to reach but a very little way beyond the 
fame with any fenfible effei^. At very fmall djf- 
tances indeed it is fuflicient to raill- up liquors, as 
alfo to produce the many odd and furprizing ap- 
pearances which are to be met with in chymical ope- 
rations, and which without the affiftance gf this and 
B 4 fomc 
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1, K c T. fomc other principles, which I (hall hereafter have 
, J' , occation to mention, are utterly inexplicable. For 
want of a due knowledge of thefe powers chymifts 
have fallen into groft miftakes and abfurdities in 
their reafonings. Thus for inftance, feme who were 
unacquainted with the principle of attraftion, have 
attempted to give a reaton for the floating of the mi- 
nute particles of folid bodies in menftruums Ipecifi- 
cally lighter than themfeJves -, by faying that there 
is an inteftine motion in the parts of the menftruums, 
by virtue whereof the particles of the folid bodies 
are driven perpetually from place to place, and by 
that means are kept from falling : not confidering 
that Sir Isaac Newton has demonftrated in the 
nineteenth propofition of the fecond book of his 
principles, that fluids have not naturally any inteftine 
motion -, but that fetting afide all external caufes of 
motion, the particles of fluids are as perfectly at reft 
as thofe of folid bodies. There is indeed during the 
time of the folution a confidcTable motion, but as 
this is occafioned bv the mutual attraction between 
the menftruum and the body, by means of which 
attraftion the parts of the fluid are driven with great 
force between the parts of the folid, fo as to loofen 
and divide them one from another ; as foon as the 
folution is over the motion ceafes, and all the parts 
are at reft again, and the particles of the diflblved 
body are kept fufpended by their rlofe adhefion to 
the parts of the menftruum, and not by any imagi- 
nary motion, wherewith they arc tofled to and rro 
in the manner of a ftiuttle-cock -, and in truth, could 
fuch an inteftine motion be allowed, as it muft be 
made in all manner of direflions, it would be as 
apt, nay more apt confidering the confoirlng gra^nty 
of the particles, to precipitate and caft them down, 
than to raife and keep them up. 

Were it not befide my prefent purpofe, I could 
produce many more inftances of falfe reafonings m 
the Writings of chymift?, occafioned by their ig- 
norance 
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norance of the true principles of nature ; but as 
chymiftry is at prefent out of my province, I fliall 
reft contented with the fingle inftance which I have 
given, 

L E C T U R E IL • 

t 
OfAttraction. 

HAVING in my former Lefture^ proved from l e c t. 
experiments, that there is a power in nature IL 
eby the parts of matter, which are brought ^^"V 
fo hear as to touch, do in fome circumftances mu- 
tually attraft each other : I fhall now treat of fuch 
kinds of attraftion as extend themfelves to confi- 
derable diftances beyond the point of contaft, and 
on that account afFeft the mind more ftrongly, io 
as to convince it more fully of the reality of fuch 
a principle. Of this kind is, Firft, that attraftion 
which obtains between glafs and glafs. Secondly, 
that of eleftricity. Thirdly, the attraftion of mag- 
netifm. And laftly, that olf gravity ; of all which 
in their order. 

And firft, if a glafs bubble be fet to float on Exp, i. 
water contained in a glafs veflel, at a fmall diftance 
from the fide of the veflel, it will from a ftate of 
reft begin to move towards the fide of the veflel ; 
and its motion will be continually accelerated, fo as 
to make it upon its arrival at the fide of the veflfel 
to ftrike the lame with fome force. 

Perhaps it may be thought that the motion of the 
bubble arifes from fome declivity in the water to- 
wards the fides of the veflfel : but whoever obferves 
rfiefurface of the water will find, that it rifes all about 
the fides of the glafs, fo as to become of a concave 
figure, and for that reafon may retard, but can by 
no means promote the motion of the bubble ; and 
this rifing of the liquor about the fides of the vefTel 
is to be attributed to the fame caufe with the motion 
of the bubble, namely, theattraftion of the glafs. 

The 
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L E c T. The accekration obfervablc in the bubble's mo* 
^\ . tion arifes from two caufes ; the firft is, the conti- 
nued and uninterrupted aftion of the attraftive force 
of the glafs; for if we fuppofe tlie time of the 
bubble's motion to be divided into a number of equal 
parts, as fgr inftance ten ; and if the attradlion of 
the glafs be fuppofed to make equal impreflions On 
the bubble in each of thofe parts of time, it is plain 
that whatever be the motion which is excited in the 
bubble by the imprefllon of attraftion in the firft 
portion of time, the fame will be doubled in the 
Iccond, tripled in the third, and fo on continually 
thro* the feVeral portions of time ; for the motion 
produced in the firft portion of time is not loft, and 
therefore by the addition of as much more in the 
fccond portion of time it becomes double, and in the 
third triple, and fo on. Now if inftead of ten parts 
we fuppofe the time of the motion to be divided 
into numberlefs parts indefinitely fmall, in each of 
which the attra&ion of the glafs makes equal im- 
preffions on the bubble, as before j the motion will 
be continually accelerated, tho' the attractive force 
of the glafs Ihould continue the fame at all diftances 
of the bubble ; but the attraftive force afts more 
ftrongly the nearer the bubble approaches, on which 
account the motion is more and more accelerated 
the nearer the bubble comes to the glafs. 

By eleftrical attraftion, I mean that kind of at« 
trd£tiQn which is excited in bodies when their parts 
are heated by friftion, and which doth not difcover 
itfelf by any fenfible efFe<3: when the bodies are 
cold. Of this fort are the attraftive forces, which 
amber, rofm, fealing-wax, and indeed moft ful- 
phurous fubftances when heated by rubbing, have 
hctn found to exert towards chaff, feathers, leaf-gold, 
lamp-black, and many other light fubftances. But 
a5 the attraftion of thefe bodies have* fallen within 
the notice of vulgar eyes, I think it needlefs to make 
^iny experiment for the proof thereof j but choofe 

rather 
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rather to lay befote you fome experiments whicii L e c t. 
plainly fhtw this power to obtain in gUl's, and tlut } ^' 
to a very notable degree, tho' it has not till of late ^^"""^ 
been commonly oblerved. And firll, 

If a cylindrical tube of flint gUft be rubbed 
brifkly with brown paper, or woollen-cloth till it 
acquires fome degree of Iieat, and be then held near 
to fmall pieces of gold or brafs leaf; they will be- 
gin to move, and fome of them will fly towards the ■ 
tube with great fwiftnefs, and fix themlelves upon 
it fo as to adhere thereto, being atled upon by the 
attraiJlive force of the glafs : whillt others during 
their afcent towards the tube, will before they can 
reach the fame, be driven backward with great vio- 
lence, as will likewife fome of thofe which touch 
the glafs, being aftuated by another force very 
different from that of attraftion, which I fhall en- 
deavour to explain to you hereafter. The hotter 
the tube is made by rubbing, the farther doth its 
power reach, fo aS in fome cafes to aft upon the 
leaf at the diftance of a foot or more. 

This eleftrical attraftion of glafs doth in like 
manner appear from the following experiments. 

If over a globe of glafs fixed on an axis, whofe Exp. 2. 
pofition is horizontal, a parcel of woollen threads 
be fufpended from a femicircular wire, fo as that 
their lower ends may be diftant an inch or a little 
more from the globe, they will fuitably to the na- 
ture of all heavy bodies, hang down perpendicular 
to the horizon, and parallel to each other ; if then 
the globe be moved pretty brifldy round its axis, 
the threads will immediately change their pofition, 
fo as to have their ends bent a little upward, point- 
ing that way towards which the motion tends ; the 
rotatory motion of the globe being communicated 
to the circumambient air wherein the threads hang, 
and by means thereof in fome nieafure to tlie threads 
themlelves. Let then an hand be applied to the 
lower part of the globe, fo as to rub the fame, and . 
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L B c T. as foon as it grows warm from the fri<5lion» the 
"• . threads which were before crooked will dart them- 
felves out into fo many (trait lines, all pointing to- 
wards the center of the globe ; but as foon as the 
attrition ceafes, and the globe cools, they quit this 
direction, and return to their former pofition ; 
whence it evidently appears that they are attrafted 
by the glafs, fince they are piade to point towards 
its center, notwithftanding the contrary directions 
that were given them by the motion of the air and 
the force of gravity. In this and the two following 
experiments there is one remarkable circumftance, 
which tho' it does not concern the matter in hand> 
yet becaufe I (hall have occafion to have recourfe 
to it hereafter, I fhall to prevent the repetition of 
experiments take notice of it here. And it is this ; 
if while the threads are extended and afted upon by 
the attraction of the globe, a finger be moved to- 
wards the extremity of any of them, they will im- 
mediately recede and fly from the touch, and this 
they will do upon every approach of the finger. 

Exp. 3. If the axis of the globe inftead of being parallel 
to the horizon be placed perpendicular thereto, and 
the femicircular wire which fupports the threads be 
in the plane of a circle parallel to the horizon, the 
threads mull by reafon of their gravity hang down 
in lines parallel to the axis of the globe, yet as foon 
as the motion and attrition are given to the globe 
as before, the threads will begin to raife and ex- 
tend themfelves towards the center of the globe, 
and appear like fo many rays converging towards 
that center in a plane parallel to the horizon : fo 
that in this cafe the attractive force of the glafs does 
not only draw the threads out of the parallel pofi- 
tion they have to each other, but likewife raifes them 
up in a pofition parallel to the horizon, notwith- 
ftanding the force of gravity which is conftantly 
adting upon them to carry them down. 

If 
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If the threads inftead of being placed without the L b c t. 
globe, be fixed to the axis at the center, and be of . 5'. 
uich a length as to reach within about an inch of g^p 
the furface ; when the globe is turned round, they 
will bend backward contrary to the direftion of the 
motion ; becaufe the included air, tho' it does in 
fome meafure partake of the rotation of the globe, 
yet doth it not move with equal fwiftnefs, and for 
chat reafon muft refift the rotation of the threads 
and bend them backward, When the thregiis are 
in this ftate, if the attraction of tlie glafs be ex- 
cited by attrition as in the two laft experiments, 
they will ftraightway extend thcmfelves towards the 
concave furface of the globe conftituting as it were 
fo many rays iffuing from the center, and diverging 
from one anotlier in a regular manner. 

The reafon why the threads in all thefe experi- Exp. ji 
ments are ftretched into lines tending either to or 
from the center of the globe, feems to be this. 
Whatever be the force wherewith the globe aflis on 
the threads, the direction of it muft Be perpendi- 
cular to the furface of the globe-, confequently in 
the fame direftion mult the threads move ; but from 
the nature of the globe thofe and thofe lines only are 
perpendicular to its furface, which either ifilie from 
or tend towards the central point. 

Having faid thus much concerning electrical at- 
tradion I now proceed to that of magnetifm. Many 
and furpriling are the prope_rties both of the load- 
ftone and magneiical needle, which however I fliall 
not here confider ; iny intent at prefent being only 
to Ihew from experiment the law of magneiical at- 
" tra^ion ; or in other words, to Jhew in what pro- 
portion the attraftive power of the loadftone varies 
according to the different diftances of the iron which 
it attraifts. And in order to this, let a loadftone Exp. 6. 
be fufpended at one end of a balance, and counter- 
poifed by weights at the other ; let a flat piece of 
jron be placed beneath it at the diftance of four 

tenth 
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Le c T. tenth parts of an inch, the ftone will immediately 
^' defcend, and adhere to the iron : let the ftone again 
• be removed to the fame diftance, and a weight of 
four grains and four tenth parts of a grain be thrown 
into the fcale at the other end of the balance s 
this weight will be an exaft counterbalance, to the 
attraftivc force, and prevent the dcfcent of the 
ftone ; but if any part of the weight be taken out, 
the attraftion will prevail, and carry the ftone 
down. If the ftone be placed at half the former 
diftance, that is to fay, at the diftance of two tenth 
parts of an inch above the iron, the weight necef- 
fary to hinder its defcent will be about feventcen 
grains and an half, that is four times as much as be- 
fore. Confequently, the attraftive force of the ftone 
at the fingle diftance frOm the iron, is to the fame 
at the double diftance as four to one, that is reci- 
procally as the fquares of the diftances. 

Perhaps it inay be objciftcd that Sir Isaac 
Newton (to whole judgment in natural affairs the 
utmoft regard is due) has faid that the power of the 
loadftone flecreafes nearly in the triplicate ratio of 
the increafe of the diftance. But whoever confidefs 
his words in the fifth corollary of the fixth propo- 
fition of the third book of his principles, where he 
mentions this law, will find that he fpeaks of it 
with diffidence, as a thing which he rather guefled 
at from fome rude obfervations, than collefted from 
accurate experiments, for his words are, El in recef- 
fu- a magnete decrefcit in ralione dijtantia nan duplica- 
td, fed fere iriplicaid, quantum ex craffxs quibufdam 
ebferuatiembus animndvertere pcitii. So that notwith- 
ftanding this objeftion I ftiall ftill venture to affirm 
the law of inagnetical attraiftion to be fuch as 
makes it aft with forces which are in the reciprocal 
duplicate ratio of the diftance. Becaufe this law is 
deduced from an experiment made with fufficient 
exaiftnels, and which docs not feem liable to any 
exception. 

The* 
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Tho' the principle of graviry, which comes next L s c t. 
to be treated of, be diffufed throughout the Iblar j^' 
fyftem, and may probably be extended fo far as '" 
to reach the other lyftems of the uiiiverfe ■, yet fhall 
I confidcr it at prefent with refpeft only to the 
globe of earth, which we inhabit; the parts where- 
of would by realbn of the diurnal rotation be apt 
to fly afunder, were rhey not kept together by the , 
influence of this principle j whereby likewile all 
bodies on or near the furface of the earth are made 
to tend towards its center. This power at equal 
diftances from the center of the earth is always pro- 
portional to the quantity of matter in the body 
whereon it adts ; for all bodies, the light as well as 
heavy, being let fall from the fame height defcend 
with equal Iwifcnefs, provided they meet with no 
rellftance from the air, as will appear from the fol- 
lowing experiment. Let a piece of gold and a fea- Exp. 7. 
ther be lee fall from the top of an exhaufted receiver 
at the fame inltant of time, and they will both ar- 
rive at the bottom at the fame time very nearly. 

The reafon why the feather doth not reach the 
bottom quite fo foon as the gold, is, that the re- 
ceiver cannot be perfeiftly exhaufted, and there- 
fore the fmall portion of air which remains within, 
though very much rarified, gives fome fmall re- 
fiftance to the defceruling bodies, which fuitably 
to the nature of all refiftance muft retard the lighter 
body more than the heavier, and confequently 
caule fome little difference in the times of the 
defcent, which otherwife would be exaftly equal. 
This then being the cafe, it evidently follows, 
that the forces of gravity, whereby bodies defcend, 
muft at equal diftances ffom the center be as the 
quantities of matter in the defcending bodies ; 
for if a certain force of gravity be requifite to carry 
down a certain quantity of matter with a cer- ^^M 
tain fwifinefs, then is double the force necelTkry to ^^M 
carry down a double quantity of matter With the ^^| 
4 fame 
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L K c T. fame fWiftncfs •, and triple the force to carry down 
"• a triple quantity, and fo in proportion whatever 
be the quantity of matter : fo that the weights of 
bodies at equal diftances from the center of the 
earth are always proportional to the quantities of 
matter which they contain i and therefore the 
quantity of matter in any body may be meafured 
by its weight. 

The gravity of a body at any place beneath the 
furface of the earth has been proved by Sir Isaac 
Newton, to be direftly as the diftance from the 
center ; that is, fuppofing the earth's radius to be 
four thoufand miles, a body which on the furface of 
the earth weighs a pound, will within the earth at 
. the diftance of -two thoufand miles from the center 
weigh only half a pound, at the diftance of one 
thoufand miles on)y a quarter, and fo on till at the 
center it lofes all iljs gravity. 

It has been likewife proved that the force of gra- 
vity on the furface of tne earth, and at all diftances 
beyond it, is in the reciprocal duplicate ratio of 
the diftance from the center ; that is, if a body 
weighs a pound at the furface of the earth, whofe 
diftance irom the center is four thoufand miles, 
it will at double that diftance weigh only a quar- 
ter of a pound, and at triple the diftance, only 
the ninth part of a pound, and fo on, whatever 
be the diftance the force of gravity will be re- 
ciprocally as the fquare of the diftance. For is it 
not highly rational that the power of gravity, what- 
ever it be, Ihould exert itfelf more vigoroufly in a 
fmall fphere, and weaker in a greater, in pro- 
portion as it is contrafted or expanded ? and if 
fo, feeing that the furfaces of fpheres are as the 
fquares of their radii^ this power at feveral diftances 
muft be as the fquares of thofe diftances recipro- 
cally. Tho* ftritStly fpeaking, this be the law of 
gravity, yet where the diftances from the furface 
are inconfidcrabk with refpcft to the earth's radius 

z the 
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the force of gravity may be looked upon as equal L e 
at all tNofe diftances ; thus for inftance, the gravi- ^ 
ty of a body at the diftance of half a mile from the 
earth may be looked upon as equal ro the gravity 
thereof at the diftance of a quarter of a mile ; or 
at the very furface; becaufe the difference is fo 
fmall, that if it be rejected it will not occafion any 
error in calculations. And indeed on this fuppofi- 
tton are founded moft of the reafonings of Gal- 
LiL.,«o, ToRRiCELLius, HuYGENs, and Other 
naturalifts concerning the defcent of heavy bodies ; 
and by the help of the fame fuppofition have the 
feveral theorems been formed relating to the acce- 
leration of falling bodies, the fpaces defcribed, the 
times of the fall, and the velocities thereby acquir- 
ed ; as I (hall now fhew you. 

If the force of gravity whereby a body defcends 
remains unvaried, the motion of a body falling by 
fuch a force will be accelerated, and that uniform- 
ly ; that is, the velocity will increafe, and the incre- 
ments thereof in equal times will be equal. For 
let us fuppofe the time of the defcent to be divided 
into a number of equil parts indefinitely fmall, in 
each of which by fuppofition, the force of gravity 
makes eq\ial impreiTifsns on the body to carry it 
down ; whatever velocity therefore the body re- 
ceives from the impreiTion of gravity in the firft 
portion of time, it muft receive as much in every 
other portion-, fmce therefore fetting afide all out- 
ward lets and obftacles the effeft of every impreflion 
remains, the velocit)- given in the firft portion of 
time, will be doubled in the fecond, tripled in the 
third, quadrupled in the fourth, and fo on continu- 
ally thro' the feveral portions of time. So that 
the velocity of a body falling by the force of gra- 
vity will conftantly increafe in the fame proportion 
with the time of the defcent. Or in other words, 
xhe motion of a body carried down by the force of 
g^vity will be uniformly accelerated : and the ve- 
C locitics 
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L E c T. locxties acquired will be as the times of the defoent 
^^' from the beginning of the fall. 

From .what has been faid it follows, that if z 

^'^S^ 3- ri^ht line as A B be fuppofed to denote the time 
of a body's fall, and another right line as flC 
fct at right angles to the former, to expreis the ve- 
locity acquired by the falling body in the time de- 
noted by AB. The triangle ABC being com- 
pleated, and another right line as D£ drawn pa- 
rallel toBC, then will DE denote the velocity 
acquired by the falling body in a portion of time, 
which is to the time denoted by A B, as AD to 
AB. For from the hature of fimilar triangles, 
AB is to AD as BC to DE; but BC exprcffes 
the velocity acquired where the time is as A B, con- 
fequently, fince the velocities are as the times of the 
d^fcent, DE will exprefs the velocity acquired in 
the time denoted by AD. 

. And what has been ?hus proved of the line DE, 
is. in like manner true of^ny other right line, as F G, 
or H I, drawn within the triangle parallel to the 
bafe ; for F G and H I will exprefs the veloqities 
acquired in the times denoted by AF and AH. 

The fpaces defcribed by bodies falling from a 
ftate of reft by the force of gravity are to one ano- 
ther as the ifquares of the times from the beginning 

fig- 4- of the fall. In the triangle ABC, let AB ex- 
prefs the time of a body's fall, and B C the velocity 
acquired at the end of the fall^ let A B be divided 
into a number of equal parts indefinitely fmall ; 
and from each of thofe diviJSons fuppofe lines, as 
DE Graven parallel to BC-, it is evident from 
wjiat has bpen laid, that thofe lines will exprefs the 
velocities of the. falling body in the feveral refpec- 
tlvc points of. time; which velocities, inafmuch as 
tl>e body is given and the portions of time are in- 
definitely fmall, will be as the refpedlive. fpaces 
defcribed in thofe times : but the fum of the fpaces 
defcribed in. all. the f^all portions, of time is equal 
... 5 ^ ^o 
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to the fpace defcribed fcom the beginning of the Lect. 
fall ; ailti the fum of all the lines, as DE taken in- , i'' 
definitely near each other conftltute the area of the 
triangle. And therefore the fpace defcribed by a 
falling body in tile time expreffcd by AB, and where 
the velocity acquired at the end ot the fall is denoted 
by BC, will be as the area of the triangle ABC. 
And for the fame reafon the fpace defcribed by a 
falling body in the time expreffed by AD will be 
as the area of the triangle ADE. But from the 
nature of fimilar triangles thefe areas are to one an- 
other as the fquarcs of their homologous iides ; that 
is, as AB" to AV\ or as BC to DE''. But AB 
and AD exprefs the times of the fall, dnd BC and 
DE the velocities acquired by the fall; where-- 
fore the fpaces defcribed by a falling body are 
as the fqiiares of the times from the beginning of 
the fall, or as the fquares of the velocities at the 
end of the fall. And what has been thus demon- 
ftrated from the nature of gravity is likewife con- 
firmed by experiments. For if a weight of eleven Exp. 8. 
hundred grains be let fall from the height of three 
inches, ih as to ftrike one end of a balance, its 
force will be juft fufiicient to raife a pound weight 
at the other end of the balance to the height of 
about the eighth or tenth part of an inch ; whereas 
if the fame body be required to raife a weight of 
two pounds to the fame height, it muft be let fall 
from the height of twelve inches ; and if the weight 
to be raifed, be three pounds, then mult the moving 
body fall from tiie height ot twenty feven inches, 
for lefler heights will not fuffice, as will appear from 
the experiment. 

The forces wherewith the defcending body ftrikcS 
the end of the balance are meafured by the weights 
that are raifed ; which in this cafe are as one, two, 
and three ; but the forces wherewith one and the 
fame body ftrikes, are as the velocities of the body; 
wherefore in the cafe before us the velodti^s acquired 
C 2 by 
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L E c T. by the falling body are as one, wo, and three ; bur 
^^' the heights from which it defcends in order to ac- 
^'*^^''**^ quire thofe velocities are as one, four, and nine j • 
that is, as the fquares of the velocities. 

Exjp. 9* If this experiment be repeated with a body 
double in weight to the former, to wit, with one 
of twenty two hundred grains ; the weights raiied 
by the ftrokes will be two, four, and fix pounds, 
to wit, double the former. 

From this experiment appears the truth of that 
rule, which coUefts the quantity of motion in any 
body by multiplying the velocity of the body into 
its quantity of matter. For the force of a ftroke 
is, cateri^ paribus^ always proportional to the quan- 
tity of motion in the Itriking body ; confequently 
in like circumftances the motions of bodies may be 
meafured by the force of their ftrokes -, but it has 
appeared from the experiment tliat where the Ih-ik- 
ing body is as unity, and the velocities wherewith 
it moves at the times of the ftrokes, as one, two, 
arid three -, the forces of the refpedive ftrokes are 
likcwife as one, two and three. But where the 
body is as two, the ftrokes are as two, four and fix : 
that is, in both cafes the ftrokes are as the produfts 
arifing from the multiplication of the quantities of 
matter in each body into the refpeftive velocities ; 
wherefore the quantities of motion are as thofe 
products. Whence as a corollary it follows, that if 
the weight' of one body multiplied into its velocity 
gives an equal produft to what arifes from the 
multiplication of the weight of another body by 
its velocity, the motions of thofe two boaies are 
equal ; and this will ever be where the weights of 
the bodies are reciprocally proportional to their ve- 
locities. Thus when the body whofe weight was as 
unity, was let fall from the height of twelve inches, 
and thereby acquired a velocity which was as two -, it 
raifed a two pound weight, which was likcwife raifed 
by the body whofe weight was as two, when by fall- 
' . . ' ing 
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ing from the height of three inches, it had acquit- L e c t. 
ed a velocity which was as unity. ^ 1^' , 

From what has been proved concerning tlie Ipaces 
dcfcribed by falling bodies it follows, that if the 
time of a body's fall be divided into a number of 
equal parts, the fpaces thro' which it falls in each 
of thofe parts of time taken feparately and in 
, their order, beginning from the firft, are as the 
odd numbers taken likewife in their order, begin- 
ning from unity. For inftance, if the time of the 
fall be four feconds, the fpace defcribed in the firil 
of thofe feconds will be as one, in the fecond as 
three, in the third as five, and in the fourth as fe- 
vcn ; for where the times of the fall are as one, 
two, three and four ; the fpaces dcfcribed are as 
one, four, nine and fixteen -, and therefore if from 
the fpace defcribed in two feconds, to wit, four, be 
fubdufted the fpace defcribed in the firlt fecond, to 
wit, one, the remainder, to wit, three, will be the 
Ipace defcribed in the next fecond. And if from 
nine, which Js the fpace defcribed in three feconds, 
be taken four, which is the fpace defcribed in two 
feconds, the remainder, which is five, will be the 
fpace defcribed in the third fecond. In like manner 
fubdufting nine, the fpace del'cribed in three feconds, 
from fixteen, which is the fpace defcribed in four 
feconds, the remainder, to wit, feven, will be the 
ipace defcribed in the fourth fecond -, and fo on ac- 
cording to the number of parts into which the time 
of the fall is divided. 

From what has been faid it likewife follows, that 
the velocity acquired by a falling body at the end of 
the fail is fuch as with an equable motion would in 
the fame time in which the body fell, carry it thro' 
afpacedouble that of the fall. That the truth of this 
may be made appear, it is neceffary that fome things 
be premifed concerning the fpaces defcribed by bo- 
dies carried with an equable motion. And firft, if 
the velocity of a body moving uniformly be given, 
C 3 the 
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Ji I c T. the fpace defcribcd will be as the time of the mo-J 
^ ^ i ^^^^ » ^^^ ^^ ^ body with a given velocity move^ 
thro' a certain fpace a foot, for inftance, in a fecond 
of time, it will in two feconds, with the fame ve^ 
locity, move thro* two feet, and thro' three feet in 
three feconds, and fo on, whatever be the time, 
the fpace dcl'cribed v^'ill be proportional thereto, 
On the other hand, if the time l^e given, the fpace 
defcribed will be as the velocity •, for if a body in 
a given time moves thro' the fpace of a foot with 
a certain velocity, with double the velocity it MrilJ 
pafs thro' the fpace of two feet, and with triple tte 
velocity thro' the fpace of three feet, and fo on, 
whatever be the velocity, the fpace defcribed will 
be in the fame proportion. But if neither the time 
of a body's motion, nor the velocity wherewith it 
moves be given, the fpace defcribed will be as the 
time and velocity conjointly ; for if a body moving 
with a certain velocity runs throi* a certain fpace in a 
certain time, it follows from what has been faid, that 
if the time be increafed or diminiflied in any pror 
portion, in the fam*e alfo will the fpace be increafed 
or diminiflied, fuppofing the velocity to remain the 
fame, but if that likewife be changed, it is plain 
that the fpace will be changed in the fame propor- 
tion •, and therefore univermly the fpace defcribed 
by a body moving equably is as the time and velo- 
city conjointly. For which reafon, if in the rec- 

¥'^g' 5- jangle, ope fide, as AB, be fpppofed to denote the. 
time wherein a body moves equably, and BC the- 
velocity wherewith it moves, the reftangleABCD 
will be as the fpace defcribed ; but the triangle* 
ABC of the fame figure, is as the fpace defcribci 
by a falling body in the time denoted by A B, and 
B C is as the velocity acquired at the end of the 
fall; and the reftangle ABCD i)J double the tri- 
. angle ABC, confequently the vdocity acquired by 
fi falling body is fuch ^ will carry the body with an 
^quabk motion in the tijw of th^ fall ;hrQ' double 
iji^fpace of the fall. ' As 
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As the motion of bodies falling from a (late of L ^ ct. 
reft is uniformly accelerated ; fo likewife the motion 
of bodies thrown upward is uniformly retarded ; 
for the fame force of gravity which confpires with 
the motion of defcending bodies, ai5ts in direct op- 
pofition to the motion of fuch as afcend ; and 
therefore in whatever manner it accelerates the one, 
rn the very fame manner mufl: it retard the other. 
Whence it follows, that if a body be thrown di- 
reftly upward, the time of its rife will be equal to 
that wherein a body falling freely from a ftate of 
reft, acquires the fame velocity wherewith the body 
is thrown up. For fince the a^ion of gravity is 
conftant and uniform in whatever time it generates 
any velocity in a falling body, in the fame time muft 
it deltroy that velocity in a rifmg body ; and there- 
fore the time of the rife muft be equal to that of 
the fall. It likewife follows that the height to which 
a body thrown upward riles is equal to that from 
which a body falling freely does at the end of the 
fall acquire a velocity equal to that wherewith the 
body is thrown up. For fince the times in which 
the velocity of the falling body is generated, and 
that of the rifmg body is deftroyed, are equal j 
and fmce of the two equal velocities one is gene- 
rated and the other deftroyed by the conftant uni- 
form aftion of one and the fame power j it is ma- 
nifeft, that whatever be the fpace thro' which the 
falling body moves in order to acquire its velocity, 
the rifing body miilt afcend thro' an equal fpace in 
order to loi'e its velocity ; that is, it muft rile to the 
fame height from which the other falls, 

The force of gravity a: the furface of the earth is 
fnch as, fetting afide the refiftance of t!ie air, makes 
a bo(.ly falling from a ftate of reft to defcend thro' 
a fpace of fixteen feet and an inch in a lecond of 
time. For the time wherein a pendulum performs 
its fmaileft vibratiop,5 is to the time in which-a body 
falls thro' half the length of the pendulum as the 
C 4 cjrcum- 
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L 1 c T. circumference of a circle to iu diameter (as Ihall- b© 
^J^- fhewn when I come to treat of the pendulum) 
^^ -wherefore fince the fpaces defcribed by falling bo- 
dies are as the fquares of the times, apd fince ihe 
diameter of a circle exprelTes the time which a 
body takes to fall thro' half the length of a pendu- 
lum vibrating feconds, when the circumference cx- 
prefles a fecond ; it follows, that as the fquarc of the 
diameter is to the fquare of the circumference, fo 
is half the length of the pendulum to the fpace thro' 
which a body falls in a fecond of time. So that 
putting D to denote the diameter of a circle, vhich 
IS as unity, P the periphery which is as 3,1416, L 

' the length of the pendulum vibrating feconds, 

which is 39t inches, and S to denote the fpace 

fought J we Jhall have this analogy, D' : P' : : - : S. 

Confcquently S = ~Kr-> ^r rejefting the divifor 

as being equal to unity, S = P*^L = 193 inches, 
or fixteen feet and an inch. 

Before I quit this fubjeft I muft obferve to yon, 
that bodies do not every where defcend at the rate 
of fixteen feet and an inch in a fecond of time, but 
in fucli places only as are in or near the latitude of 
forty nine degrees •, in places more diltant from the 
line the defcent is quicker, and more flow in ihofc 
lefs diftant. For the force of gravity is lefs to- 
wards the icquaCor than towards the poles, as has 
been collected from obfervationK made on pendu-. 
lums ; for they have been found to vibrate more 
flowly near the line than in places farther removed j 
infomuch that a pendulum which in the latitude of 
Paris vibrates feconds, muft be fiiortcned one fixth 
of an inch French meafure in order to its vibrating 
feconds under the line. And the length of a pen- 
dulum which in the latitude of Paris performs its 
vibrations in a fecond, is to the length of a pen- 
dulum whofe vibrations are performed in the fame 

time 
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^ime under the lineas 220 to 2ig. Since therefore Le 
the forces of gravity which aiftuate pendulums that 
vibrate in equal times are to one another as the 
lengths of the pendulums (as ih^ill befiiewn when I 
come to treat of pendulums) it is evident that the 
force of gravity in the latitude of Paris is to the 
fame force under the line as 220 to 219. And In- 
deed it has appeared from a great number of ob- 
fcrvations, that the force of gravit}- is leall at the 
a*quator, and that it continually increafes as ivc 
recede from thence and approach the poles, under 
which it is greateft of all. And tlie chief caufe of 
this difference is the rotation of the earth about its 
axis, whereby all bodies on or near the furface of the 
earth are indued with a centrifugal force, which aifts 
in oppofition to that of gravit\', and of courfe mufl; 
leflen the fame 1 and the diminution of gravity 
arifing from this caufe mult be greateft under the 
a;quator, and grow lefs and lefs in the approach 
to the poles : and tliat for two reafons, firft, be- 
caufe the centrifugal force is greateft at the ^equa- 
tor, and from thence towards the poles is continu- 
ally diminilhed fo as at laft to vaniih in the polar* 
points. For all parts of the eartli's furface with the 
bodies thereto adjacent revolve in the fame time 
either in the equator or in circles parallel thereto ; 
but the equator is the largeft of all thofc circles, 
^nd the others grow lefs and kfs as they are more 
and more diftant from the equator. Now the 
centrifugal forces of bodies revolving in the fame 
tjme in differt-nt circles being to one another as the 
radii of the circles (as fliall be Ihewn when I come 
to treat of thofe forces) it follows that the centri- 
fugal force miift be greateft at the ^equator, and 
thence be continually diminiflied towards the poles, 
lo illuftrate this, let A B be the axis of the earth, Fig. 6. 
CK the radius of the asquator, DI, EH and FG 
the radii of fo many circles parallel to the rcquator, 
the centrifugal forces in the points K, I, H, G, are 
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L B c f . 14 thofe radii ; fo that the centrifugal force is great- 
^ ^ ^ eft in thfc point K, that is at the sequator, and at I 
it is lefs than at K, and at H lefs than at I, and lefs 
^ain at G, and fo on till at length it vanifhes at 
Cne polar point where there is no rotation. Whence 
it is evident that the force of gravity muft be 
finalleft under the line, and muft increafe towards 
the poles, inafmuch as the force which afts in op- 
pofition to it is greateft under the line, and leffens- 
in the approach to the poles. The force of gravity 
muft likewife be lefs under the asquator than in 
any cither place, becaufe under the line the centri- 
fxigal force afts in direft oppofition to the force of 
[ravity, whereas in other places it afts in an oblique 
lireftiort to that of gravity, and of confecjuence 
muft aft lefs powerfully againft it. Thus m the 
jk)int K the rorce of gravity puUeth from K to- 
wards C, whilft the centrifugal force puUeth di-" 
itftly contrary from C towards K ; whereas in the 
point L gravity puUeth from L towards C, whilft 
the direftion of the centrifugal force is from O to- 
wards L. Let the centrifugal force in the point L 
beexprefled by th? line LM, and toCL continu- 
ed to N let fall the perpendicular MN, The force 
£, M, according to the known method of refolving 
jforces, of i^hich I fliall fpeak hereafter, may be 
xtfolved into tv/o forces denoted by the lines N M, 
slndLN; whereof the latter only afts in oppofiti-' 
on to gravity, as pulling direftly againft it ; the 
other no way afFefting the fame : confequently, fup- 
' pofing the centrifugal force at L to be the fame as 
at K, yet will the force of gravity be lefs diminifti- 
cd by it at L than at K, becaufe at L part only of 
the centrifugal force refifts that of gravity, where- 
as at K the whole centrifugal force afts in oppofi- 
tipn thereto. 

From what has been faid it follows, that the force 
whereby gravity is leffened in the aequator is to the 
force whel-eby it is leffened in any other part of the 

earth's 
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earth's furface as the fquarc of radius to the fquare 
of the fine of the compliment of latitude. For the 
centrifugal force in the point K, the whole of which 
3^s in oppofirion to gravitj', is to the centrifugal 
focce in the point L, as CK or CL to OL ■, but 
the whole centrifugal force in L is to that part of 
it which oppofes gravity, as LM to LN, that is, 
becaufe the triangles LNM and COL arc fimilarj 
as CLtoOL; wherefore the centrifugal force, or 
the force which oppofes gravity in the point K, is 
to that part of the centrifugal force which oppofes 
gravity in the point L in the duplicate ratio of C L 
to OL, that is, as the fquare of radius to the ftjiiarB 
ef the fine of the compliment of latitude. 

LECTURE III. 
Of Repulsion and Central Forces. 



AS experience has convinced us that there are l e c t 
Powers in nature, whereby not only the lar- m. 
ger lyftems and colleftions, but likewife the fmaller '-— v— ^ 
parcels and particles of matter are in fome cafes 
made to tend to one another; the fame experience 
will infonn us of other powers in nature, whereby 
theparts of matter do in fome circumftances recede 
and fly from each other. For if the difagreeing Exp. i. 
pole of a loadftone be moved towards a magnetical 
needle floating on water, the needle will recede ; and 
die nearer the (lone is brought to it, with the greater 
violence and precipitation will it fly off-, the repelling 
power, liliethe attraftive, exerting itfelf with greater 
yigor at fmaller dillances. 

This repelling power is likewiie evident from the 
experiments which were made relating to eleftrical" 
attraftion : for it was obfervable that upon holding 
the glafs tube, when heated by friftion, nigh fmall 
pieces of brais-Ieaf ; forpe of thofe pieces which by 
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L E c T. the attraftion ' had been raifed towards the tube, 
j^ , were, before they could reach it, driven back again 
with great precipitation : and of thofe which ad- 
hered to the tube fomc were thrown off with a ve- 
locity much greater than could poffibly arife from 
the force of gravity in fuch light bodies, and con- 
fequently muft have been driven down by fome re- 
pelling power in the glafs. And in the experiments 
of the glafs-globe and woollen threads ;^ when the 
threads were, by the attraftive force of the globe, 
made to extend themfelves towards its furface, upon 
moving one's finger towards them, they were ob^ 
ferved to recede and fly off, and that at confiderable 
diftances from the finger ; which plainly argues a 
repelling power interceding the finger and the 
threads, when under the circumftances of thofe ex- 
periments. . From this power it is, that the leaves of 
the fenfitive plant fhrink and retire from the touch 
of an approaching hand. And to the fame power 
we are to attribute the elafticity of the air; as 
alfo the ftiaking oflT of the particles of light from 
the fun and other luminous bodies. 

Befides the forementioned principles of attraftion 
and repulfion, whereby nature feems to perform 
moft oi her operations, and which for that reafon 
^e very properly ftiled aftive principles ; there is 
another of a paflive nature, commonly called the 
vis infita and vis inertia of matter, a force arifing 
from the inertnefs or inaftivity of matter ; which 
force in any body is proportional to its quantity of 
matter. From this force refult three paflive laws of 
motion, ufually called by modern naturalift^ the 
three laws of nature*. 

The 

* By virtue of the vis inertia it is, that the motion of a body 
produced by a force imprefTed upon it» is meafnred by the quan- 
tity of matter in the body and its velocity, taken together. For 
the body by its nfis inertia^ refills the force impreifed upon it 
which caufes its motion, in proportion to its Quantity of matter ; 
9sA confequently, to produce a given tendency in the body 

forward, 

2 
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The firft of thefe laws is. That every body, inLKcr. 
proportion to its quantity of matter, perfeveres in . ^^ . 
its prefent ftate, whether it be of reft or uniform 
motion ftraight forward in a right line. For as 
every particle of matter is with refpedt to itfelf per- 
feiftly unaftive, it is utterly impoffible it (hould pro- 
duce any alteration in its own ftate ; for which rea- 
Ibn (fetting afide all impreffions from externa! 
caufes) if it be at reft, it muft continue fo for ever j 
or if in motion, it muft for ever continue its mo- 
tion without any change either as to direction or 
velocity : fo then the continuation of motion in 
bodies projefted, (the caufe whereof very much 
perplexed the naturalifts of old) is to be attributed 
to the paflive nature of matter, which makes it as 
impoflible for a body of itfelf to ftop its own mo- 
tion when once begun, as it is for it to move it- 
felf originally, or of itfelf to change its figure. 

As a confequence of this law it follows, that all 
motion is of itfelf equable and reftilineal. For 
firft whatever be the velocity wherewith a body be- 
gins to move, the fame velocity muft continue 
during the motion, unlefs a change be made therein 
by fome caufe from witliout ; wherefore the body 

forward, by which it moves at a given rate or wiih a given ve- 
locity, the force MnprelTed muft be proportional to the refillance 
arifing from its 'vii imrilit, tliac is, Co its quantity of matter ; 
and if the quantity of matter in the body, and confcquendy the 
refiftance arifing from its iiij inertiir, be given, the force im- 
prefTcdwill be proportional to the tendencjr forward which it 
communicates to the body, that is to its velocity ; and if neither 
the quantity of matter in t!ie body nor its velocity be given, the 
force imprelFed will be in a ratio compounded of the ijviantity of 
matter and velocity ; that is, putting F for the force imprelTed, 
Q_for the quantity of matter in the body, and V for its velo- 
city, F will be a3 Qj* V. But the motion of the body is the 
effefl produced by the force F, and is proportional to it, that is, 
putu'ng M for the motion of the body, M is as F, And there- 
fore, by proportion of equalitj', M will be as Q_x V ; or the 
motion of the body will be meafured by its quantity of matter 
and velccity taken together, 

muft 
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' imift in equal rimes move thro' equal fpaces with an 
J uniform velocity i that is, the motion muft be equa- 
ble. And as motion is by virtue of this law in it- 
felf equable; fo is it likewife reftilineaj ; for moti- 
on cannot otherwife be conceived than as direded 
and determined towards fome place or other -, and 
it mult by the foregoing law keep the direftion., 
vhich it had at firit, until it be hindered or put out 
of its way by fome extrinfic caufe, that is, it muft 
move on in a right line. If thciefore a body move*, 
ia a curve, that curvature muft of necelTity pro- 
ceed from fome external force contiiiually acting on 
the body ; and whenever that force ceales to aft, 
the body will move forward in a right line touch- 
ing the curve in that point wherein die body is at 
the inllani of time when the force ceafes to aft. 
Thus for inftance, if a ftone, moved about in a 
fling, be fet at liberty by flipping one end of the 
fling J it will not continue its circular motion, but 
go on in a right line touching the circle made by the 
circiimvolution of the (ling in that point where the 
Fig. 6. ftone is let go. If the circle BCDE be the curve 
defcribed by the revolution of the fling AB about the 
center A ; and if the ftone be let oft* at the point, 
B, it will move on in the right line BG, which 
touches the circle in B. For by the law, the natural 
tendency of the ftone in the point B is along the 
line BG, tho' by the force of the fling it be made to 
revolve in the curve. And what has been faid of 
the ftone in the point B, is in like manner true of 
the fame at any other point, as C, D, or E i for in 
thofe points its tendency is along the lines CF, 
DH, and EK. 

Another confequence of the foregoing law is that 
all bodies, which revolve about a center, muft en- 
deavour to recede from the Center : for fince bodies, 
that are moved round in a curve, do of themfelvcs 
in every point of the curve tend to move in the 
tangents to each point ; and fince all the parts of 

the 
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ihs tangents are more diftanr froiri the center of L i c t. 
motion than are the parts of the curve, as is evi- ^^1. 
dent from the figure; it is manifeft that bodies fo 
moved mull perpetually endeavour to fly off from 
the center or motion, which endeavour of reced- 
ing is commonly called the centrifugal force ; and 
it is oppofed to the centripetal torce, or thae 
force which by drawing the bodies towards the 
center makes them to revolve in a curve. 

Thefetwo forces are by one common name called 
the fentral forces : and they are in all cafes equal 
the one to the other. For let us fuppofe a body to 
revolve in the orbit EAC, and that being in the Fig. 9. 
point A, the centripetal for-ce ce^jfes to aft ; it will 
then move forward in the direftion of the tangent 
AB, and BC will be the fpace thro' which the bo- 
dy recedes from the orbit by means of the centrifu- 
gal force ; and if A B be in its nafcent ftate, the 
centrifugal force will be as BC ; but if the centri- 
petal force Z&.S at A, it will make the body defcribe 
the arc'AC in the fame time that it would defcribe 
the tangent AB, in cafe it were not afted upon by 
the centripetal force ; confequently, the fpace B C is 
defcribed by means of tlie centripetal force j and 
the arc AC being in its nafcent ftate, the centri- 
petal force will be as BC, and of cofifequence 
equal to the centrifugal. 

In treating of thefc central forces I (hall proceed 
in the following manner. Firlt, I Ihali confider 
two equal bodies moving uniformly in two different 
circles ; and thence deduce one general exprelTion 
for the central forces in the terms of the circle. 
Secondly, By fubllituting other proportional quan- 
tities in the place of thofe which conftitute the ge- 
neral expreffion, I (hall form other general ex- 
preflions for the fame forces. Thirdly, by a pro- 
per application of thofe expreffions I fhall deter- 
mine t!ie laws of central forces in particular cafes, 

and 
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L B c T. and at the fame time confirm each law by an expe^ 

^ P] [ ; ^ rimcnt. 

As to the firft, if two equal bodies movihg uni- 

Fig. lo. fbrmly in the circles marked i, and 2, do in the fame 

■ • • portion of time taken indefinitely fmall dcfcribe the 
nafcent arches AC ; and if from the points C be 
drawn the lines CB, perpendicular to tne tangents 
AB, thofe lines will exprefe the proportion of the 
central forces. For fince the time in which the 
arches A C are defcribed is indefinitely fmall, the 
bociies will be carried thro* the fpaces B C, by one 
fingle impulfe of each central fbrce ; for which rea- 
Ibn the motions of the bodies thro* thofe fpaces 
will be uniform-, confequently, fince the time of 
the motion is the fame, and the bodies equal, the 
motions will be as the fpaces defcribed, that is, as 
the lines B C ; but forces which generate equable 
motions are to one another as the motions gene- 
rated ; that is, in this cafe, as the lines B C -, which 
lines being equal to the verfed fines AD of the 
arches A C, muft be equal to the fquares of the 
arches AC, divided by their refpeftive diameters 
AE. For from the nature of the circle, the verfed 
fine of any arch is equal to the fquare of the chord 
divided by the diameter ; but as in this cafe the 
arches A C are fuppofed to be nafcent, they do not 
differ from their chords; and therefore in each 
circle the verfed fine of the arch AC, (which 
verfed fine exprefles the central force) is equal to the 
Iquare of the arch divided by the diameter : confe- 
quently, the central forces are as the fquares of the 
nafcent arches applied to their refpeftive diameters ; 
and forafmuch as thofe nafcent arches, are to one 
another as any other two arches which are defcribed 
by tlie revolving bodies in a given time, the central 
forces of two equal bodies revolving uniformly in 
different circles, are to one another as the fquares 
of the arches defcribed in a given time applied ta 

their 
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their refpeftive diameters ; or becaufc the diameters L e c r. 
are as the radii, as the fquares of the arches applied ^j-^ 
to their refpedlive radii. Wherefore putting A to 
denote the arch of a circle defcribed in a given 
time, D for the radius, and F for the central force. 



rank of fymbols. 




F IS as -^. 


Fisas-g_. 


Fisas-^^. 


Fisas^: 


Fisas^. 


Fisas^. 


FisasDN'. 


FUasQDN' 
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As the bodies are fuppofed to move uniformly in 
the circles, it is evident that the arches defcribed in 
■a given time are as the velocities of the revolving 
bodies ; and therefore ift the general expreffion fof 
the central force, the velocity of the body may be 
-fubftituted in the place of the circular arch ; whence 
cutting V for the velocity of the body, F is as 



fymbols, which is a fecond general exprefTion for 
the central force. 

Again, the velocity of a body moving uniformly 
in a circle, is as the radius applied to the periodic 
time, or the time of one intire revolution. For if 
the velocity of the body be given, the periodic time 
mull be proportional to the circumference of the 
circle, inafmuch as a body, which with a given ve- 
locity defcribes a certain fpace in a certain time, 
will require a double or triple time to defcribe a 
double or triple fpace-, and univerially whatever be 
the magnitude of the fpace, the time in which it is 
D defcribed 



k 
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L E c t; defcribcd will be proportional to it. If the circunt^ 

^^^ ference of the circle be giren^ the periodic time will 

"" he inverfly as the velocity with which the body 
moves •, for if a body moves thro* a given fpacc 
with a cert^ velocity in a certain time, it will 
with double the velocity move through the fame 
fpace in half the time, and with a triple velocity itt 
one third of the time ; and in general^ in whatever 
proportion the velocity is increafed, in the fame 
proporti6n Will the time be leflened ; that is, the 
periodic time will be inverfly as the velocity; If 
therefore neither the circumference of the circle^ 
nor the -velocity of the body be given, the periodic 
time will be direftly as the circumference, and in- 
verfly as the velocity ; that is, as tlie circumference 
applied to the velocity •, or (becaufe the circumfe- 
rence is as the radius) as the radius applied to the 
yelocity. Wherefore putting P for the periodic 
time of a body revolving in a circle, JP is a*. 

^, and confcqucntly V is as -p. If therefore in the 

fccond general expreflion p- be fubftituted in the^ 

place of V, we ftiall have a third general expreflion 

for the central force, wherein F is as 5-^, as in the 

third pJace of the firfl: rank of fymbols. 

Again the periodic time of a body revolving^ 
laniformly is inverfly as the number of revolutions 
performed in a given time. For if the, periodic 
time of a body be fuch, as th^t in; a given qm,e it 
i;an perform a cert^n number of revokitioiis j if the 
periodic time thereof be doubled, it will perfomi 
but half the numb^ of revolutions in the fanie time ; 
and if the periodic time becomes thrice as greats 
it wUl perfonu but .one third. of th^ number of re- 
volutions in tjie given time ; and fo on, as; the p/?- 
uodic time is inlarsed the^ rvwnber of r/giijuluooni 
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"Will be diminifhed in the fame proportion, fo that L e c t. 
putting N for the number of revolutions in a given '"^■ 

time, P will be as jj. Confequently, if in the third 

general expreOion ■^ be fubftitutcd in thfe room of 

Pj we fliall have a fourth general expreflion for the 
central force, wherein F is as DN*, as it ftands in 
the laft place of the lirft rank of fymbols. 

In collecting thefe general expreflions, I have all 
along fuppoled the quantity of matter in the revol- 
ving body to be given ; and for that reafon have 
not made it a part of thofe exprelfions, inafmuch 
as it may be denoted by unity ; and as fuch, whe- 
ther it be taken in, or left out, it will not vary the 
expreflions. But the cafe will be difterent, if the 
quantity of matter in the revolving body varies; 
becailfe the central forces, and confequently the ex- 
preflions for thofe forces will libewife vary ; fo as to 
be greater cateris paribus in larger quantities of 
(natter than in fmaller. For the whole central force 
of any body, is made up of the forces of each par- 
ticle whereof the body confifts ; and therefore the 
more numerous the particles of matter are in any 
body, the greater will its central force be -, fo as to 
be double in a double quantity of matter, triple in 
a triple quantity ; and fo on in proportion to the 
quantity of matter. In order therefore -to render 
the expreflions yet more general, left Q be put for 
the quantity of matter in the revolving oody, and 
let it be multiplied into each of the four exprefTionsj 
as. in the fecond rank of fymbals. 

Before t apply thefe expreflions to the feveral 
particular cai'es, I ftiall offer an experiment in 
confirmation of what I juft now proved, vi-z. that 
the greater the quantity of matter in any body is, 
the greater is the central force. 

Da . .. :r .:-:.Let 
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L K c T. Let three glafs tubes half fuU, one with mercury 
"'• and water, and another with water and fmall leaden 

E^pTiT bullets, the third with water and a piece of cork, 
be flopped clofc, and made faft to an inclined plane i 
and let the plane be fo fixed to a table moveable ■ 
about its center by means of a wheel and axle, as 
that the lowermoft part of the plane may reft up- 
on the center of the table. As long as the tabic 
continues at reft, the liquors and folids contained 
in the tiibc-s, will by reafon of their gravity poflefs 
themfclves of thofe parts of the tubes which lie next 
the center of the table, leaving the remoter parts 
empty : and of the two bodies included in each tube, 
that which is heavicft will be nearcft the center; 
but upon turning the table about, the I'everal bodies 
will by realbn of tlieir centrifugal forces, whereby 
they are carried from the center of motion, fly to 
the uppermoft pans of the tubes -, and in each tube, 
the heavier body will poflefs the uppermoft place 
as being indjicd with the Itronger centrifugal force. 
If bodies moving in equal circles perform their 
revolutions in equal times, or in other v/ords, if the 
velocities of bodies revolving in circles be equal, 
and rheir diftances from the center tikewili; equal, 
, iheir centrifugal forces arc as their qunnticies of 
matter, l-or in the fecond general cxpreflion, fmce 
V and D are given, F is as Qj that is, the central 
force is as the quantity of matter; which is con- 
C.vp, 2. finiied by die following experiment. Let two 
fmall troughs be fo fixed to two moveable tables, 
as that the centers of the troughs may lie upon the 
centers of the tables, and let the centers of the 
tables be fixed to two axles, on each of which is a 
grooved wlieel, with equal diameters ; let the two 
wheels be turned by means of one and the fame 
chord going round them : it is manifeft, that as the 
wiieels are equal, they, and confequently the tables 
with tlieir affixed troughs, muft perform their re- 
volutions in the fame time ; and the par:s of the 
tables 
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tables antl troughs, whofe diftances from their re- L e c t. 
fpeftive centers are equal, will revolve equally , _Pf; . 
fwifc 1 and Co likewife muft all bodies that are placed ''' " 
in the troughs at equal diftances from the centers; 
fo that by this contrivance, if two bodies be placed 
one in each trough at equal diftances from the cen- 
ters, they will revolve equally fwifc. Let then two 
balls, whereof one is double the other, be laid one in 
each trough, and let each ball be faftened to one end 
of a chord, whofe other end paftlng thro' an hole in 
the center of the table is made raft to a weiglit, 
which refts upon the fiocw ; and let the lengths of 
the chords be fuch, as that being ftretchcd, and the 
weights not raifcd, the balls in the troughs may be 
equally diftant from the centers. This being done 
if the weights be to one another as the balls, and if 
the tables be turned about with fuch a velocity as 
that the centrifugal forces of the balls may be fuffi- 
cienc to raife the weights, they will be lifted up pre- 
cifely at the fame time. Whence it appears, that in 
this cafe the centrifugal forces are as the quantities 
of matter, inafinuch as they overcome rehftances 
which are in that proportion, 

If equal bodies moving in unequal circles per- Exp. 3, 
form their revolutions in equal times-, or in other 
words, if the quantity of matter in the revolving 
bodies be given, as alfo the number of revolutions 
performed in a given time, their centrifugal forces 
are as their diftances from the center. For in the 
fourth general expreflion fince Q^and N are given, 
F is as D 4 that is, the force is as the diftancc. For 
the confirmation whereof, let two equal balls be 
placed in iht troughs at diftances from the centers, 
which are as one and two, and when the tables are 
turned about, that ball, whofe diftance from the 
center is double, will raife a double weight. 

If equal bodies move in unequal circles with equal 
velocities ; or more generally, if the quantity of 
matter in the revolving bodies be given, a^ alfo the 
D 3 velocity 
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L E c T. velocity wherewith they revolve ; their q^ntral forces 
i^ are invcrfly as their diltances from the center. For 
in the fecond general expreflion fince Q^and V are 

given, F is as -, that is, the force is inverfly as the 

diftancc. Before I mention the experiment where- 
by this law is confirmedt I muft obferve to you. 
that to the axle of one of the tables Is fixed a fecond 
wheel, whofe diameter is but one half of the dia-? 
meter of the other wheel ; and therefore when tho 
chord goes round the fmallcr wheel, the table muft 
turn as faft again as when it goes round the larger 
wheel ; fo that the table which is moved by means 
of the fmaller wheel, will revolve twice in the lame 
time, that the other table which is turned by means 
of the larger wheel, performs one revolution. 
!^p. 4. This being premifed, let two equal balls be fo 
placed in the troughs, as that the diftance of that 
ball which is to revolve by means of the fmallej 
wheel, may be but one haltl of the otlier*s diftance 
from the center ; in which cafe their velocities wilj 
be equal : for tho' the peripheries of the circles 
-yvhich the two balls defcribe, are as one and two 1 
yet will the leffer periphery be defcribed twice in 
the fame time that the larger is defcribed once ; 
^d therefore the fpaces thro' which the bodies move 
in a given time will be equal, and of confequencc 
their velocities will b/s fo too. If then two weights 
he made fail: to the chords of the balls in the manner 
pf the former experiments -, the tables being turned 
about, the ball Whofe diftancc from the center is as 
one, will raife twice the weight, that is raifcd by the 
ball whofc diftance is as. two; fo that the weighty 
raifed, and confequently the forces which raife themi 
will be inverfly as the diftanccs of the trails from 
the center. 

If equal bodies revolve in equal circles with un- 
f aual velocities, their central forces are as the fquares 
pt tiip velocities, or becayfe th? vebcities are as the 
* . ,- s . numbef 
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number of revolutions in a given time, the forces L e c t. 
are as the fquares of the numbers of rcvohitions ■ 1, 
performed in a given time. For by the fourth ge- 
neral exprcffion lince Q^and D arc given, F is as N% 
that is, the force is as the fquare of the number of 
revolutions in a given time. To confirm tliis law, Exp. ;. 
let two equal balls be placed in the troughs at equal 
diftances from the centers j aiid lee that table, whofe 
axle has two wheels, be turned about by means of 
the fmalier, fo that it may perform two revolutions 
in the fame time that the odier table performs one : 
in this cafi: the numbers of revolutions performed 
by the two balls in a given time being as one and 
two, their fquares will be as one and four, in which 
proportion the weights raifed will likcwife be. 

If unequal bodies revolve in equal circles with 
unequal velocities, their central forces aro as the 
produfts of theirquantities of matter into thcfquares 
of their refpeiftive velocities ■, or, which is the faine 
thing, as the products of their quantities of matter 
into the fquares of the numbers of revolutions in a 
given time. For by the fourth general exprcffion, 
D being given, F is as QN*. Let therefore two 
balls, whereof one is double the other, be placed at 
equal diftances from the centers -, and let the larger 
revolve twice in the liime time that the fmaller re- 
volves once. In this cafe, the quantity of matter in Ezp. 6. 
the leflcr bail, which is as unity, being multiplied 
into the fquare of its number of revolutions in a 
given time, which is likewife as unity, gives one 
for the produft. And the quantity of matter in 
the larger ball, which is as two, being multiplied 
into the fquare of its number of revolutions in the 
given time, wliich fquare is as four, gives eight fur 
the produifl : fo that the weights railed by die two 
balls will be as one and eight. 

If unequal bodies revolve in tincqiial circles with 

■unequal velocities;, their forces are as dieir quantities 

of matter multiplied into the fquares of thsk »■ 

D 4 fpcftive 
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L H c T. fpcdivc velocities, and that produift divided by 

' . J^^ . their refpedive diftanccs from the centers ; or what 

amounts to the fame thing, their forces arc as the 

produfts arifing from the continued multiplication 

of their quantities of matter into their refpeftivc 

diftances from the centers, into the fquares of their 

numbers of revolutions in a given time ; or to ufc 

the mathematical phrafe, their farces are in a ratio 

compounded of their quantities of matter, of their 

diftances from the center, and of the fquares of their 

numbers of revolutions in a given time. For by 

, Exp. y. the fourth general expreffion, F is as QDN'. Tq 

confirm this law by an experiment, let two balls, 

j whereof one is double the other, be placed in the 

t troughs, fo as that the dillance of the fmaller from 
the center may be to the diftance of the lai^r as 
two to one -, and let the larger revolve twice in the 
fame time that the Imaller revolves once. In this 
cafe the quantity of matter in the fmaller body, 
which is as one, being multiplied into the diftancc 
from the center, which is as two, and the product 
being multiplied into the fquare of the number of 
revolutions performed by the fmaller body in a given 
time, which is as one, gives two for the produft. 
In like manner the quantity of matter in the larger 
body, which is as two, being multiplied into the 
^^^ diftance from the center, which is as one, and tha 
^^^L produift of that multiplication being again miilti- 
^^^B plied into the fquare of the number of revolutions 
I^^F performed by the larger body in the given time, 
P' which fquare is as four, gives eight for the produft 1 

confequently, the weights which are raifed, as alfo 
the forces which raife them, are as two and eight, 
or one and four. 

If equal bodies revolve in unequal circles in 
fuch a manner as that the fquares of their periodi^- 
cal times are as the cubes of their diftances from the 
center, their central forces are inverfiy as the fquares 
«f thpir diftances from the center. For fince the 
quantity 
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quantity of matter in the revolving bodies Is given, L e c t. 
and the cubes of the diftances are as the fqiiares of , , "[" ., 
the times ; if in tlic third general expreflion the 
cube of D be fubftituted in the room of the fquare 
of P, F will be as D divided by the cube of D, or 
as one divided by the fquare of D ; that is, the 
force will be inverQy as the iquare of the body's 
diftance from the center. To confirm this law, let Exp. S. 
two equal balls be placed in the troughs, fo as that 
the diftance of one from tlie center may be as two, 
and the diftance of the other as three and one fixth; 
and let that which is at the fmalleft diftance revolve 
twice in the fame time that the other revolves oncej 
fo that their periodical times may be as one and two, , 

the Iquares of which being one and four, are very 
nearly proportional to the cubes of the diftances j 
for die cube of the fmalier diftance is eight, and that 
of the larger thirty two very nearly ; conlequently, 
the balls muft raife weights which are to one another 
inverfly as the fquares of the diftances from the cen- 
ters i that is, the weight raifed by the ball, whole 
diftance is as two, muft be to the weight raifed by 
fhe ball whofe diftance js as thrfe and a fuith, a$ 
the fquare of the laft diftance to the fquare of die 
former, that is, as ten to four, or five to two very 
nearly. 

If the fquares of the periodical times be propor- 
tional to the cubes of the diftances, and the revolv- 
ing bodies unequal, the central forces are direftly 
as the quantities of matter in the bodies, and reci- 
procally as the fquares of their diftances from tlie 
center. For in the third general expreflion, if die 
cube of D be fubftituted in the room of the fquare 

of P 1 F will be as —. If therefore all things remain 

as in the laft experiment, excepting that the body 
which is at the greater diftance from the center is 
to the body lefs diftant, as two to onej the weight 
^hichis raffed by ;he former, will be to th§ ?;^ight 

raifed 



48 Of central FORCEff. 

L E c T. raifed by the latter, as two, to two and a half; thift 

^J*|"^_^is, the weights raifed, will be as the produtfls arifing 

from the multiplication of the quantity of mateer 

in one body into the fquare of the other body** 

diftance. 

Among thi: fcveral laws of central forces, that 
which obtains in nature, and by virtue whereof the 
heavenly bodies are made to revolve in their fcvff-- 
ral orbits, is, where the forces are to one anothet 
inverdy as the fquares of the diftances of the revolv- 
ing bodies from the center. For it has been found 
by obfervation, that all the pUnets as well primary 
M fecondary revolve either in circular orbits or fuch 
as are nearly fo. And that the fix primary planet3 
move about the fun as their center in fuch a man- 
ner, as that the cubes of their mean diftances frorft 
the fun are very nearly proportional to the fquares 
of their periodical times. And the fame thing has 
been difcovered with regard to the four fecondary 
planets or fatellites that move about Jupiter, as 
alfo with rcfpeiJt to the other five that revolve about 
Saturn. And therefore the forces whereby they 
are retained in their orbits muft be in the inverfit 
Tatio of the Iquares of their diftances from the cen- 
tral bodies about which they revolve. 
^P- 9- If two bodies are by means of their mutual at- 
traftion made to revolve abmit each other, and alfo 
about a ftxed pinnr ; and if their diftances from that 
fixed point, be reciprocally pi*©portiona! to their 
quantities of matter, that is to lay, if as much as 
cne body exceeds the other in quantity of matter, 
fo much is its diftance from the fixed point exceeded 
by the other's diftance from the fame point -, or what 
amounts to the fame thing, if the produft arifing 
from the multiplication of one body mto its diftance 
from the fixed point, be equal to the prod aft arifing 
from the like multiplication of the other body in- 
to its diftance from the fixed point, their centra;! 
forces are equal. For as the two bodies muft of 
- - neceffity 
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neceflity perform their revolutions in the fame time; L e c t. 
fhe number of their revolutions in a given time is }} ^^ . 
given : and therefore by the fourtii general ex- ~^~ 
preflion, F is as QD, that is, the central force is as 
the produft arifing (rom the multiplication of the 
quantity of matter into tlie dilhance from the cen- 
ter, or fixed point 1 but by fuppofition tbc produft 
of one of the bodies into its d'itancc from the fixed 
point, is equal to the prodUift of the other into 
Its diftance, confequently, their central forces" ara 
equal; for which reafon neither of them can fly off 
from the fixed point fo as to draw the otiicr after it ; 
for however ftrongly either of them endtavours cq 
recede by virtue of its own centritugal force, it is 
with equal llrength drawn the contrary way by the 
centrifugal force of the other. But if the diftance? 
of the bodies from the fixed point be not recipro* 
cally proportional to their quantities of matter ; that 
body, whofe diltance with regard to the diftance of 
the other is greater than in the forementioned pro- 
portion, will fly off and draw the other after it ; 
for in this cafe, the produft, of the formtr body into 
its diftance from the fixed point is greater than the 
produft of the latter into its diftance ; which pro- 
dufts being as the centrifugal forces of tite bodies, 
the former body will have a greater ccntriftigal force 
than die latter, and of courfe. muft reccd& irom the 
fixed point, and drag the oih(;r after it ; all which 
is fully confirmed by the toHowng experiments. 
Let two equal balls be tyed together by a fmall Exp. 10. 
chord; and let them be laid in one andthc fame 
trough, one at each end, fo as that the chord being 
ftretched may have its middle point juft over the 
center of the table ; let then the table be turned 
about, and the balls will revolve about tha ceDter 
without fiying ofi" either way ; and continue fo to 
do as long as the motion of tiietable laftLth; And 
fhe fame thing will likewlle happen ti^o' one ball ba 
double thc-Othcr, provided its diftance fn^m thn 
ii...' 5 ctntec 
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center of the table be but one half of the diftancc of 
the fmallen But when equal balls are made ufe 
of, *if one of them be placed at a greater diftance 
from the center than the other, upon turning the 
table it will fly oflf and draw the other after it. So 
likewife when unequal balls are made ufe of, ikould 
that which is double the other be placed at a di& 
tance from the center greater than one half of the 
diflance of the finaller, it will fly oflT and draw the 
fmaller after it. And on the other hand, if, the 
difl:ance of the larger be lefs than half the difl:ance 
of the fmaller, the fmalicr will in that cafeJly off 
and draw the larger after it. 

L E C T U R E IV. 

Of THt Composition and Resolution oi» 

Motion. 

THE fecond Law or nature, refuking from 
the inertnefs of matter, is, that whatever 
motion, or change of motion is produced in any 
body, it mufl: be proportional to, and in the direc- 
tion of the force impreffcd. For fince a body cannot 
by reafon of-its inaftivity contribute to the pro* 
duftion of its own motion, or of any change there- 
in, it is plain, that whatever motion or change of 
motion is generated in any body, it mufl: intirely 
proceed from the force imprefled on the body ; and 
of coniequence^ fince effefts are ever proportionate 
to their aldequate caufes, muft be proportional there- 
to. And it mufl: likewife be dircfted and deter- 
mined towards the fame part with the generating 
force. Wherefore if the body whereon the im- 
preffion is made, was in motion before the impulfe, 
that motion will be retarded or accelerated accord- 
ing as the force impreflfcd oppofes it, or confpires 
therewith, or if it afts obliquely to the fame, the 
dircdion thereof will be changed, and the body 

will 
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will move in a direftion ficiiatcd between the dircc- L a c r. 
tion of its former motion, and tliac of the imprefT- , . l^'^l . 
ed force. For inftance, if a body moving from pj. j. 
A towards B, be impelled at the point A by a Fig. i. 
force afting in the direction AC, it will move along 
a line as AD placed between AB and AC, the 
fituation of which may be thus determined. Lrt 
the lines AB denote the velocity wherewith the 
body moves in the direction AB-, and let AC de- 
note the velocity wherewith the body would move 
by virtue of the impulfe along the line AC, fup- 
pofing it had no other motion : that is, ki AB be 
to AC as the fpace delcribed by the body in 3 
given time in the direftion AB, to the (pace de- 
lcribed by it In the direftion AC, each of the mo- 
tions being confidered fingly and apart ; then com- 
plcating the parallelogr.im ABDC, and drawing 
the diagonal AD, that diagonal is the line in which 
the body moves ; for the proof of which, let U3 
fuppofe a fmall inflexible wire equal in length to the 
line AB, to pafs thro' the center of a oall, and 
thst whilft the ball moves uniformly on the wire 
from A towards B, with a velocity which is as A B, 
the wire is alfo moved uniformly from AB to- 
wards CD, with a velocity which is as AC, and 
in fuch a manner as to be always parallel to AB, 
and with its extremities to defcribe the lines AC 
and BD. Then, foralmuch as the fpaces defcribed 
in a given time where the motions are uniform, are 
to one another as the velocities of the motions ; it 
is evident, that in wliatever time the ball moves 
the length of the wire, m the fame time will the wire 
move the length of AC, to wit, from AB to CD ; 
confequently, at the end of that time the ball will 
be found in D at the extream point of the dia- 
gonal AD. From any point in the diagonal taken 
at pleafure as E, let the line EF be drawn parallel 
to DB, and from the nature of fimilar triangles, 
AF will be to FE, as AB to BD, that is, as tits 
velochy 
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Jj B c T. velocity of iht* ball to the velocity of the wirc.f 
^L , conkquently, in the lame time that the ball moves 
^ the length of AF along the wire, the wire will 
move the length of i'K, from AB to KL5 and 
the point F, which is the place of the ball on the 
wire, will be found in E. And what has been 
thus proved in relation to the two points D and E- 
of the diagonal, may in the very ^me manner be 
demonftratcd of anv other point in the fame line | 
wherefore the ball will by virtue of its own motion^ 
and that of the wire, whereof it partakes, be car- 
ried in fuch a manner as to be always found iit 
the diagonal AD; that is, it will by virtue of its 
compound motion dcfcribe the diagonal line. This 
beinr^ fo, it plainly follows, that if the wire bt 
taken away, and the ball at A have two motions 
imprcfled upon it at once ; one in the direftion 
AB, the other in the direftion AC; and if the 
jnotions imprcfled, or, which is the fame thing, if 
the forces imprefling thofe motions be to one ano- 
ther in the proportion of A B to AC, the ball will 
by virtue of the double impreffion, move along 
the diagonal A D. For as to the effeft it matters 
not whether the motion which the ball ha? in the 
direftion A C arifes from a force imprefled on it at 
the point A, or whether it be communicated by a 
wire fupporting the ball, and carrying it along with 
it in that dircftion. 

Exp. II. To confirm this by an experiment, let three 
ivory balls of equal fize, be fulpcnded from thrctf 

Eins by firings of equal lengths, and let the middle 
all reft over one ar^Ic of a wooden fquare ; then let 
each of the extream balk be let fisill feparatcly from 
the fame height, iji fuch manner as to ftrike thd 
middle baU in the direftionof one fide of the fquare, 
Iknd the middle ball will by each of the ftrokes made 
feparately, be moved along over that fide of the 
fquare, which correfpondeth to the dircftion of the 
ftroke ^ but if the xxro balls .be at the fame initant 

of 
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I 

of time let fall from equal heights, fo as that they l* fi c t. 
may ftrike the mid41e ball at once, and in thp di- ^ j^L 
regions of the tWQ fides of the iquare, the middle ^""^^"^ 
boU win ty the double ftroke, be driven over the ^ 

diagonal or the fquare. ' 

As a COROLLARY it follows, that a body will in 
the &me time defpribe the 4iagonal AD of a pa- 
rallelqgr^tm with two forces conjoined, that are to 
pne itnother ay the fides AB and AC, that it would 
the refpeftive fid^ with each of thofe forces fe- 
p^ately. As alfq, that the velocity wherwrith a 
body moves along the diagonal, is to the velocity 
wherewith it is carried along the fides when afted 
Vpon by each force fingly, as the diagonal to each 
<lde, refpe(ftively : coniequently, if the two forces 
be given, the velocity along the diagonal, which 
Vife3 from the conjunftion of both forces, will be 
fo much the greater^ by bow much the angle B AC 
is lefs ; for as that angle is diminilhed, the diagonal 
which in this cafe denote? the velocity, is lengthen- 
t» ed, till at laft the angle vaniftiing by the coincidence 

• of the fides, the diagonal becomes equal to both the 
fides taken together i. and the velocity of the body 
equal to the {\xm of the velocities wherewith the 
body would move, were each of thofe forces im- 
preffed upon it in the fame direftion. Thus the pi. 2. 
lines A B and AC being placed at three different Fig-z- 
angles, fo as to conftitute the fides of three different 
parallelograms, (the diagonals whereof ^e repre-* 
fented by the pricked lines) it is evident to fight, that 

as the angle B A C grows lefs, the diagonal growa 
longer; and that when the angle vamfhes by the 

• coincidence of A B with A C, the diagonal A I> pj. 2. 
becomes equal to. AC and CD, that is, to AC and Fig- s* 
ABv and the vejocity denoted by AD, is in that 
<Ld,k2Lmaximtmf or the greateft that canarife from 

the oonjun&ioa of thofe two forces. On the other 

hand, as the angle inlarges, the velocity along tho 

diagonal ibu0;.d^c^> till at length theangk ya-r 

..• " niibing 
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1. « c T. nifhing by the two fides becoming one right line^ 
^ ^^' the velocity becomes equal to the difference of the 
velocities, ari(ing from the impreffion of each force 
PI- 1- when made fingly and feparately. Thus the lines 
''S-4- AB and AC being as before placed at three diffe- 
rent angles, BAC, it is evident that the diagonals 
A D reprefented by the pricked lines, grow ftorter 
as the angle BAC inlarges i till at laft the angle, 
and with it the diagonal vanilhing the two fides 
BA and AC conftitute one right line as BAC. 
wherein the body is, as it were, carried two con 



fc'ig- s- 



trary ways, to wit, from A towards B by the force 
which afts in the diretSlion AB, and from A to- 
wards C by the force afting in the direftion ACj 
and the difference of the velocities, which arife 
from the impreffions of the two forces when they 
atft ftparately, is the velocity wherewith the body 
aftually moves in the dire^ion of the flronger 
force, which velocity is a mmsmum, or the leaft ve- 
locity that can aril'e from the joint action of thofc 
two forces. 

As a fecond corollary it follows, that a body 
may be moved thro' one and the fame line by num- 
berlefs pairs of forces afting upon it. For if in- 
Pj- -■ ftcad oi the force, whofe direction is AB, we fiip- 
F'S- ^- pofe another, the direction whereof is A E -, and if 
inftead of the force afting in the direction AC, we 
fiippofe one to aft in the dircClion AF, and that 
thofe forces are to one another as AE to AF: 
then compleating the parallelogram AEDF, the 
line A D will be the diagonal of this parallelogram, 
as well as of the former ; and therefore the body 
will from the joint action of thefe two forces de- 
fcribe the fame line AD which it did before : and 
as AD may be made the diagonal of numberlefs 
parallelograms, it is evident that it may be de- 
fcribed by a body aftcd upon by numberlefs pairs 
of forces in difterent direftions. And not only fo, 
but it may Hkewlle be defcribed by a body, where- 
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on a great number of forces aA at the fame time ; Li c r. 
for as the forces afting upon the body in the direfti- ^^ ' , 
ons AB and AC make it to move along the diagonal 
AD, lb may the direiftion along AB arife from 
the diredHons of two other forces, and each of 
thole from the directions of two others, and fo on 
without number. Hence we fee, that all forces 
and motions whatever may be refolved into innu- 
merable forces and motions ; and any fimple direft 
force or motion may be looked upon as compound- 
ed of innumerable oblique forces or motions. For PI. z. 
the line and direftion of the motion is the fame, ^'2* ^• 
whether that motion be compounded of two moti- 
ons arifing from forces iinprelTed in the direi5tions 
AB, AC, or in the direiftions AE, AF, or arife from 
the impredion of a Cngle force in the direction AD -, 
and therefore the motion along the line AD, tho' it 
be fimple arifing from one fingle force afting in that 
dircftion ; yet may it be confidered as compound- 
ed of two or more motions in other direftions, 
fuch as AB and AC, or AE and AF, fmce the 
very fame motion would arife from fuch a compo- 
fition. 

This compofition and refolution of motions and 
forces is of fingular ufe in mechanicks ■, for by the 
help thereof, the effefts of powers aifting in oblique 
direftions are readily determined, as will appear 
hereafter. 

The third law of nature arifing from the 
inertnefs of matter is, that reaftion is always equal 
to aftion, and contrary thereto ; or in other words, 
that the aftions of two bodies, one upon another, 
are conftantly equal, and in direftions contrary to 
each otiier ; lb that whatever change is made in the 
ftate of one body, whether at rell or in motion, by 
the aftion of another ; the fame change is pro- 
duced in the ftate of the other by the reaction of the 
former ; but the tendencies or direftions of thofe 
changes are contrary ways. Thus, when one prelTcs 
■ E a i\or\C 
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L E c T. a ftone with his finger direftly downward, the fin-» 
^ j^ ' ger is equally prelfcd by the ftone, and that di- 
^^^ ^ reftly upward. And when a horfe draws a load, he 
is equally drawn back by the load ; for as much as 
he promotes the progrcls of the load, fo much is 
he retarded in his own motion -, that is, he is in ef- 
feft drawn back •, for the fame force of mufcles and 
fmews, which he exerts in order to drag on the 
load, would, if he was freed from the incumbrance^ 
carry him forward to a diftance much greater than 
what he reaches in the fame time whilft tied to the 
load ; and confequently, as far as his progrefs fall- 
cth ftiort of that diftance, fo much is he in cffcft 
drawn back -, and whatever motion he conlmuni- 
cates to the load, fo much does he lofe of his own, 
the load reafting upon him with the fame force 
that he afts upon it -, for which reafon, if by addi- 
tion of weight the load be fo far increafed as to re- 
quire the whole ftrength of the horfe to move it, 
no motion will enfue, the whole power of the 
horfe, wherewith he endeavours to go forward, be- 
ing but juft equal to the reaction of the load where- 
by he is drawn back. This equality of aftion and 
reaftion obtains in all kinds of attraftions whatever. 
When a loadftonc attracts a piece of iron, it is 
equally attrafted by itj as will appear from the 
Exp. 12. following experiment. Let a piece of iron and' a 
loadftone equal in weight, be fufpend'ed by two cords 
of an equal length, and let the diftance between 
them be fo fmall, as that they may not be out of 
the reach of each other's attraftion -, then will they, 
from a ftate of reft, begin to move towards each 
other, and that with equal velocities, fo as to meet 
at the middle point of their firft diftance : if they 
be again feparated, and the loadftone fixed, the 
iron being fufpended at the fame diftance from it 
as before, will move towards it, fo as at length to 
touch it, and adhere thereto. And on the other 
hand, if the iron be fixed, and the ftone moveable, 

the 
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^ the ftone will approach the iron in the fame man- L e c t. 
ner, as the iron did the ftone ; all which plainly , j/i^ 
fliews that the attraftion between the loadftone apd 
iron is mutual, the one drawing the other as much 
as it is drawn by it : fo that the reaftion of the iron 
upon the ftone is exaftly equal to the adtion of the 
ftone upon the iron. 

The equality of aftion and reaction with refpeft 
to attractions is likewife manifett from hence, 
that if a man placed in a boat, draws another boat 
by means of a rope faftened thereto -, the boat 
wherein the man is placed will be equally drawn 
with the other, and the two boats will approach 
one another with equal quantities of motion •, fo 
that if they be eiqual in weight, and of the fame fize 

' and fhape, they will approach with equal velocities, 
and meet at the middle point : but if one be heavier 
than the other, then by how much it exceeds the 
other in weight, by fo much will it be exceeded by 
the other in the velocity of its motion ; for inftance, 
if the weight of one be to the weight of the other 
as one to two, then will the velocity of the former 
be to the velocity of the latter as two to one •, that 
is, their velocities will be reciprocally propor- 
tional to their weights. To confirm this by an ex- Exp. i^. 
pcrimentj, let a cord be made faft to one end of a 
fmall boat, and let it pafs over a pulley fixed to 
the end of another fmall boat of the fame fhape 
and fize, and let a weight be tied to the end of the 
cord, and hang in the water -, this being done, 
let the boats be placed at fuch a diftance as that the 
cord may be ftretched, then letting go the boats 
the weight will defcend, and in defcending draw 
the boat to whofe end the cord is faftened towards 
the other, and at the fame time the other will move 
towards it ; and when they come together, the fpace 
defcribed by the boat whofe weight is as one, will 
be to the fpace defcribed by the boat, the weight 
whereof is as two, as two to one », that is, if the 

E 2 diftance 
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L E c T. diftance between the two boats be divided into three 
^^' equal parts, that boat which is double in weight to 
the other, will move thro* one of thofe parts m the 
fame time that the lighter moves thro* the other 
two. 

As aftion and reaftion are equal with regard to 
attraftions, fo are thev likewife in refpeft of ftrokes 
or impulfes made by bodies one upon another ; the 
force of two bodies, ftriking each other equally,* 
aftefting the motions of both, and producing equal 
changes therein towards contrary parts. On this 
equality of aftion and reaftion do the feveral laws 
which have been coUefted concerning the collifion 
of folid bodies in a great meafure depend -, which 
laws, as they relate to bodies void of elafticity, I 
fhall now explain ; in doing df which, I (hall lay 
down one general proposition concerning the 
collifion of fuch bodies, whence I fhall deduce the 
laws of particular caies, and at the fame time con- 
firm each law by an experiment. 

The PROPOSITION is as follows : If two bodies 
void cf elafticity move in one right line^ either the fame 
or contrary ways^ fo as that one body may ftrike di- 
reSffy againft the other ; let the fum of their motions 
before the ftroke when they move the fame way^ and 
the difference of their motions when they move contrary 
ways^ be divided into two fuch parts as are propor- 
tional to the quantities of matter in the bodies -, and 
each of thofe parts will refpeSHvely exhibit the motion 
of each body after the ftroke. For inftance, if the 
quantities of matter in the bodies be as two and one, 
and their motions before the ftroke as five and four, 
then the fum of their motions is nine, and the dif- 
ference is one •, and therefore when they move the 
fame way, the motion of that body, which is as 
two, will after the ftroke be fix, and the motion of 
the other three : but if they move contrary ways, the 
motion of the greater body after the ftroke will be 
two thirds of one, and of the lefler one third of one. 

For 
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For fince the bodies are fuppofed to be void of L « c t. ^1 
rlaiticity, they will not feparate after the ftroke, _JX 
but move together with one and the fame velocity i 
and of confequence, their motions will be propor- 
tional to their quantities of matter ; and from the 
equality of action and reaction it follows, that no 
motion is either loft or acquired by the ftroke when 
the bodies move the fame way, becauie whatever 
motion one body imparts to the other, fo inuch 
muft it lofe of its own ; confequently the fiim of 
their motions before the ftroke is neither increafed 
nor diminifhed by the ftroke, but is fo divided be- 
tweeen the bodies, as that they may move together 
with one common velocity, that is, it is divided 
between the bodies in proportion to their quantities 
of matter ; but it is otherwifc, where the bodies 
move contrary ways ; for then the fmaller motion 
will be dt'ftroyed by the ftroke, as alfo an equal 
quantity of the greater motion, becaufe aftion and 
reaftion are eqtlal ; and the bodies after the ftroke 
will move together equally Iwift, with the diffe- 
rence only of their motions before the ftroke -, con- 
fequently, that difference is by means of the ftroke 
divided between them in proportion to their quan- 
tities of matter. 

The feveral particular cafes concerning the colli- 
fion of bodies may be reduced to four general ones. 
For, I ft, it may be that one body only is in mo- 
tipn at the time of the ftroke. Or, 2dly, they 
may both move one and the fame way. Or, ^dly, 
they may move in direft oppofition to each other, 
and that with equal quantities of motion. Or, 
kftly, they may be carried with unequal motions 
in directions contrary to each other. As the bodies 
may be either equal or unequal, each of thefe four 
general cafes may be looked upon as conlifting of 
two branches ; and as fuch I Iriall confider them, 
and treat of chem in the order, wherein I have laid 
them down. 
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As to the firft, if a body in motion ftrikes ano- 
ther equal body at relV, they will by the propofi- 
tion move together, each of them with one half of 
the motion that the body liad which was in motion 
before the llroke ; and fmce the quantity of motion 
in any body, is as the protluft arifmg from the 
multiplication of its quantity of matter into its ve- 
locity J the common velocity of the two bodies, 
will be but one half of the velocity of the moving 
Exp. 14. body before the ftroke. For the confirmation 
whereof, let two equal balls of qlay be fufpended 
from two pins of an equal height, by threads of an 
equal length, and in fuch a manner, as that v;hen 
they hang freely they may juft touch one another, 
and that their centers and point of contaft may lie 
in a right line parallel to the horizon. This being 
done, and one of the balls being at reft, let the 
other be removed to any diftance from it, and then 
let fall •, it will in its dcfcent defcribe the arch of a 
circle, and by the time it arrives at the loweft point 
of the arch, th^t is, when it comes to touch the 
quiefcent ball, it will have acquired fuch a velocity 
as would carry it to the fame height from which it 
fell, as Ihall be ftiewn when I come to treat of pen-f 
dulums ; and confequently, if the other ball was 
removed, would actually afcend to that height -, but 
upon ftriking the other ball, which is of equal fize, 
it will communicate one half of its motion to it^ 
and they will move together with half the velocity 
that the moving body had at the time of the 
ftroke, fo as to afcend to one half only of the 
height from which the ftriking body fell. 

That the nature of this and the other experi- 
ments relating to the collifion of bodies may be 
more readily comprehended -, I Ihall lay down fome 
things concerning the motion of bodies thro* the 
arches of circles, the truth whereof fhall be de- 
monftrated in my lefture upon pendulums. Arid . 
firft, all the arches of 4 circle, provided they be 

4 not 
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not large, are defcribed in equal times by bodies L e c t. 
defcending along ihem ; and therefore if two bo- ^ ^JXLj 
dies be let fall at the fame time, one from C and pi, 2_ 
the other from E, or from D and F, they will Fig. 7. 
both arrive at the loweft point B at one and the 
fame time ; and the ftroke of the fubfequent body 
upon the preceding will be m«de at B : and for the 
fame reafon if one be let fall from C, and the 
other from D or F, or one from E, and the other 
from D or F, they will meet and ftrike one ano- 
ther at B. / 

idly. The velocity which a body acquires in 
falling thro' the arch of a circle, is as the chord of 
the arch ; that is, the velocity of a body which has 
fallen from C to B, is to the velocity of a body 
that has fallen from E to B, as the chord CB to the 
chord EB. And here I miift obferve to you, that 
when in the following e;:perimenCs I fpealc of a 
body falling from, or riling to any height, as four, 
fix, or ten inches, I would be underftood to mean 
it of a body's falling thro' or moving up an arch, 
whofe chord is of fuch a length. 

3d]y, The velocity wherewith a body begins to 
rife up thro' the arch of a circle, is as the chord of 
the arch which the body defcribes in its afcent. 
Thus the velocity wherewith a body begins to move 
from the point E towards D, if it afcends as high 
as D, is as the chord BD -, but if it rifes only to F, 
the velocity is as the chord BF. So that in the 
experiments the chords of the arches thro' which 
the bodies delcend, exprefs the velocities of the bo- 
dies in the point B at the time of the ftroke ; and 
tJie chords of the arches thro' which the bodies af- 
I tend after the ftroke exprefs the velocities of the 
bodies immediately after the ftroke. 

Thefe things being laid down, I ftiall now pro- 
ceed to determine the laws of the four general cafes. 
As to the firft, it has been already fhewn, that 
E 4 where 
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Lbct. where the moving body is equal to the quiefcMitv 
. l^'- . the common velocity of the two bodies after the 
' ' ftroke, is but one half of the velocity v( the mov- 
ing body before the ftroke j and of confequence, 
tlie motion of each body after the iVroke, is equal 
to one half of wliat the moving body had before 
" the ftroke. But if the quiefcent body differs in 
fize from the moving body, then the common ve- 
locity after the ftroke will be fo much lefs than the 
velocity of the moving body before the ftroke, by 
how much the fum of the two bodies exceeds the 
body which was firft in morion. Thus, if the 
moving body be to the quiefcent as two to one, 
the common velocity after the ftroke will be to the 
Exp. i;. velocity of the movmg body before the ftroke, as 
two to three i wherefore if a ball of clay, falling 
from the height of nine inches, ftrikes another at 
reft, and of one half the magnitude, they will 
afcend together to the height of fix inches only : 
and on the other hand, if the larger be quiefcent, 
and the fmaller falls from the height of nine inches, 
they will afcend to the height of three inches only i 
and the quantity of motion in each body immedi- 
ately after the ftroke will be ha<.i, by multiplying 
cacih of them into the common velocity. 

As to this and all other experiments of this na- 
ture, it myft be obferved, that they do in fome 
meafure vary from the theory, and that for two 
reafons. Firft, becaufe clay or any other body, 
wl.jrewith thefe experiments can be made, is not 
perfectly void of elafticity. Secondly, becaufe the 
air refiits the motions of the balls, and by lb doing 
diminifiies their velocities. , 

As to the fecond genera! cafe, where both the 
bodies are in motion before the ftroke, and move one 
and the fame way : In order to find tlieir common 
velocity after the ftroke, let the fum of their moti- 
ons before the ftroke be divided by tlic fum of the 
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bodies, and tlie quotient will exprefs the common L e c t. 
velocity. Wherefore, if two eqtial balls of clay j ^- ^ 
be let fall at the fame time, one tVom the height g^p j^ 
of three inches, and the ocher from the height of 
fix, after the ftroke they will afcend to the lieight of 
four inches and an half ; for as in this cafe tlie bo- 
dies are equal, their motions are as their velocities, 
that is, as fix and three, the fum of which being 
divided by two, the fum of the bodies, gives four 
md an half for the common velocity after the 
ftroke. 

Where the bodies are unequal, let us fuppofe the Exp. i-;^ 
preceding body to be as one, and to fall from the 
height of three inches as before, fo that its quantity 
of motion will be as three; and let the fubfequent 
body be as two, and fall from the height of fix in- 
ches, fo that its quantity of motion v/ill be twelve i 
and the fum of the two motions will be fifteen, 
which being divided by diree, the fum of the two' 
bodies, gives five in the quotient -, fo that in this cafe, 
after the ftroke, the balls will afcend to the height 
pf five inches, and the motion of the greater will 
be as ten, and that of the fmaller as five. 

As to the third general cafe, where the bodies 
move in direifi: oppofition to each other, if riiey 
have equal quantities of modon, they will upon 
the ftroke lofe all their motion, and continue at 
reft -, for by the propofition, the bodies after the 
ftroke will be carried with the difi-erence of their 
motions before the ftroke ; which difference is fup- 
poled to be nothing. Wherefore, if two equal Exp. i!, 
balls of clay be let fall at once from equal heights, 
upon the ftroke they will ceafe to move -, and the 
iame thing will happen where the balls are unequal, 
provided the heights from which they fall are reci- 
procally proportional to their quantities of matter ; 
for inftance, if the balls be as one and two, let the Exp. 19, 
former fall from t!ie height of lix inches, and the 
latter from the height of three, and upon their 
mcetino; 




46 Of the COLLISION op 

L E c T. meeting they will (land Itill, for in this cafe, the 

.^l y^ j quantities of motion, wherewith they oppofc each 
"^^""^ other, will be equal. 

When two bodies meet with unequal quantities 
of motion, if the difference of their motions be di- 
vided by the fum of the bodies, the quotient will ^ 
exprels their common velocity after the ftroke; 
for by the propofition, the difference of their mo- 
tions before the ftroke, is equal to the fum of their 
motions after the ftroke •, ccnfequen^-ly, that diffe- 
rence divided by the fum of the bodies muft give 

Exp. ao. the velocity. Wherefore, if twd equal balls of 
clay be let fall at the fame time, one from thci 
height of three inches, and the other from the 
heieht of fix, after the ftroke they will afcend to- 
gether to the height of an inch and an half; for 
fince the balls are equal, their motions will be a^ 
their velocities, that is, as fix and three, the difffe- ' 
rence whereof is three, which being divided by two^ 
the fum of the bodies gives one and an half in the 

Exp. 21. quotient. If the balls be unequal in the proporti- 
on, for inftance, of two to one -, and if that which 
is as two falls from the height of fix inches, and the 
other from the height of three; after the ftroke 
they will afcend together to the height of three 
inches ; for the greater ball being as two, and its 
velocity as fix, its motion is as twelve ; whereas the 
fmaller being as one, and its velocity ai three, its 
motion is likewife as three, which being fubdufted 
from the greater motion leaves a reniainder of nine ; 
and this being divided by three, the fum of the bo-^ 
dies, gives three for the common velocity, or the 
height to which the bodies will rife. 

In order to difcover the quantity of motion com- 
municated by one body to the other, I Ihall lay 
down four rules adapted to the four general cafes. 
And Firft, if one of the bodies be quiefcent at the 
time of the ftroke, let that body be multiplied into 
the common velocity after the ftroke, ajid the pro- . 

dua 
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dufh will exprefs the communicated motion. For Lect. 
fince that bod^ had no motion before the ftroke, it ^' 
is manifell, that whatever motion it has after the ^'^'~" 
itroke muft be communicated to it by the Iliiking 
body -, but that motion is as die produift arifing 
from the muldplication of the quantity of matter in 
the body into the common velocity, confequendy, 
that produift exprcfTes the communicated motion. 

Since the body which is at reft before the ftroke 
has no motion, but what is imparted to it by the 
ftriking body ; and ftnce the motion of the ftriking 
body is by the propofition to be divided between 
the two bodies in proportion to their quantities of 
matter; it follows, that where the ftriking body is 
greater than the quiefcent, it will communicate lefs 
than half its motion, and where it is equal to it, it 
will impart one half; and where it is lefs, more 
than one half: and if the quiefcent body be ififi- . 
nitely great with refpedt to the ftriking body, which 
is in effeift the cafe where the quiefcent body is fixed, 
fo as not to give way to the ftroke, the ftriking 
body will impart all its motion to the other j for 
as the quiefcent body is fuppofed to be infinitely 
greater than the ftriking body, the motion, which 
it receives from tlic ftriking body, mult bear an in- 
finite proportion to the morion remaining in the 
ftrik.ing body ; but as the motion communicated is ' 
a finite quantity, it cannot bear an infinite proporri- 
on to the remaining motion, unlefs that remaining 
motion be in its evanefcent ftate, and reduced to 
nothing. 

When both the bodies are in motion before the 
ftroke, and their morions are direfted the fame 
way, which was the fecond general cafe ; the rule 
for determining the quantity of morion communi- 
cated is as follows. Let the preceding body be 
multiplied into the common velocity after the ftroke, 
and from the produd let the motion which it had 
before the ftroke be fubducled, and the remainder 

will 



1 



66 Of THE COLLISION OF 

L B c T. will be the motion communicated. For the produ£fc 
^' arifmg from the multiplication of the preceding 
body into the common velocity^ gives the whole 
motion of that body after the ftroke, and therefore, 
if from thence be taken the motion which it had 
before and independent of the ftroke, the remaiu- 
der muft be the motion acquired by the ftroke. . 

When the bodies move towards one another with 
equal quantities of motion, as in the third general 
cafe*, the motioft communicated is equal to thfe 
motion of either before the ftroke. For as in this 
cafe, both their motions are deftroyed by the ftroke v 
it is plain, that whichever of the bodies is cdnfider- 
ed as giving the ftroke (and either of them fti^y) 
it mull communicate juft as much motion to the 
other, as the other has at the time of the ftroke 5 
for by this means the motion communicated, as it 
is direftly oppofed to the former motion of the 
body, will be juft fufflcient to deftroy the fame, and 
by fo doing caufe the body to reft. 

When the quantities of motion in two bodies mov- 
ing direftly towards each other are unequal, which 
is the fourth general cafe ; the motion communicat- 
ed is determined by the following rule. Let the 
body which had the leffer motion before the ftroke 
be multiplied in the common velocity after the 
ftroke, and to the produft let the motion which it 
had before the ftroke, be added, and the fum will 
be the motion communicated. For as the body, to 
which the motion is communicated, does after the 
ftroke move in a direction contrary to what it did be- 
fore, it is evident, that befides the motion, wherewith 
it is carried in that contrary direftion, it muft have 
received as much more in the fame direftion, as waa 
fufficient to withftand the motion it had before the 
ftroke in an oppofite direftion ; for till that motion 
was deftroyed by an equal motion oppofed thereto, 
the body could not change its direftion, and move 
backward. 

LECTURE 



R 



ELASTICK BODIES. 67 



LECTURE V. 

Of the Collision of Elastick Bodies, 

HAV I N G given you an account of the colli- 
fion of bodies void of clafticity, I come now 
to confider the effeifts thereof in fuch as are elaftick i 
by which I mean bodies that cbnfift of fuch parts 
as yield and give way when prelfed, and which re- 
ftore themfelves upon the removal of the preflUre : 
if the force wherewith they reftore themfelves be 
exatftly equal to the preffure whereby they are bent 
inward, then are the bodies faid to be perfedlly 
elaftick -, and fuch are all thole bodies fuppofed to 
be, wherewith experiments are ufually made for 
confirming the theory relating to the coUifion of 
elaftick bodies j but as there is not perhaps in natiire 
any body perfedly elaftick, if among the experi- 
ments that are now to be made, any mall be found 
to vary a little from the theory, fuch variation muft 
be looked upon as rifmg rather from the want of 
perfect elafticity in the bodies, than from any error 
in the theory itfelf, or in the calculations grounded 
thereon. 

The method which I (hall obferve in treating of 
the percufiion of elaftick bodies is this-, Firft, to 
lay down one general propofition concerning fuch 
percufiion, ai,d then, Secondly, to deduce the laws 
relating to the four general cafes mentioned in my 
laft lemire, and to confirm each of thofe laws by 
experiments. 

Before I lay down the propofition, I muftoblerve 
to you, that wherever I mention the ftrikingbody, 
I thereby mean that body which is in motion where 
one of the two is quiefcent, as alfo that body which 
moves fwifteft when they both move the fame way ; 
and laftly, that body which has the greateil quan- 
tity 
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L E c T. tity of motion, when they move in oppofition to 
Y' . one another, or in this cafe, if their motions be 
equal, then either of them may be taken indiffe- 
rently for the ftriking body. 

This being premifed, the proposition is as 
follows. 

If of two bodies perfefily elafiick^ one be at refl^ and 
the other in motion \ or if they both move either the 
fame or contrary ways^ fo as that one fhall flrike the 
other \ let them be conftdercd as void of elafiicity^ and 
by the proportion laid down in my lafi leSiure^ let the 
motion of each body after the firoke be founds and by 
ene of the four rules laid down in the fame leSure^ let 
the motion communicated by the ftriking body to the 
ether be likewife found -, and let this motion be fub^ 
du£led from the motion of the ftriking body after the 
ftroke^ and added to that of the body which received 
the ftrcke^ and the reftdue will be the motion of the 
ftriking body^ and the fum the motion of the other body- 
after reflexion. For, fince the bodies are fuppofed.to 
be perfeftly elaftick, their parts which are bent in 
by the ftroke will reftore themfelves with a force 
equal to that which bends them in ; but the force 
which bends them in, is meafured by the quantity 
of motion communicated by the ftriking body to 
the other, and therefore the parts of each body 
which are bent inward will reftore themfelves with 
fuch a force, as is fufficient to generate a motion 
equal to that which is communicated -, confequent- 
ly, the bodies will by, virtue of their elafticity 
throw one another contrary ways, each with a 
quantity of motion equal to that which the ftriking 
body communicates to the other ; for which realbn, 
if that motion be fubdufted from the motion re- 
maining in the ftriking body after the ftroke, as 
being contrary thereto, and added to the motion 
of the other body after the ftroke, as confpiring 
therewith, the refidue and fum will give the true 
piotions of the bodies after reflexion. 

To 
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. To apply what has been faid to the four general L e c t. 
cafes, the firft whereof is where one of the bodies ^j 
is at reft at the time of the ftroke. If a body per- ~'~ 
feftly elaftick ftrikes another of the fame kind and 
of equal magnitude at reft, the ftriking body will 
communicate all its motion to the other and remain 
at reft i for by the 6rll of the four rulea^laid down 
in my laft lefture, the ftriking body will upon the 
ftroke, communicate half its motion, and by the 
propofition now laid down, a quantity of motion 
equal to that which is communicated, murt befub- 
du(5ted from the motion remaining in the ftriking 
body, and be added to the motion of the body 
which receives the ftroke, by wliich means the 
ftriking body will have no modon left ; but the 
■ other body will have a quantity of motion equal to 
what the ftriking body had before the fliock. For 
the confirmation of which, let two equal ivory balls Exp. u 
be fufpcnded as were thofe of clay ; and let one of 
the balls fall from any height, and fo as to ftrike 
the other at reft, the ball wliich receives the ftroke 
will afcend to the fame height from which the other 
fell, and will leave the otlier at reft. 

If inftead of one there be two, three, or more Exp. z, 
quiefcent balls contiguous to one another, that which 
is fartheft removed from the ftriking ball will fly 
off with the velocity of the ftriking ball, and all 
the intermediate balls together widi the ftriking 
ball will quiefce ; for as the ftriking ball imparts all 
its motion to the firft of the quiefcent balls, fo does 
that in like manner to the ball which lies next be- 
yond it, and that again to a third, and fo on -, till 
at length the laft ball meeting with none other to 
refift it, flies off with all the motion of the ftriking 
ball, leaving that and the intermediate ones at 
reft. 

If two balls be let fall together contif^uoiis to one Exp. ^ 
another, upon the ftroke the two fartheft will fly 
off, leaving the otliers at reftj for as the forcmoft 

of 
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L E c T. of the two moving balls is carried equally fwift with 
y-^ the iublequcnt, it cannot during its motion receive 
^ any imprcflion from the fubfeauent ball -, confe- 
quently, when it makes the ftrokc, it will produce 
the fame efteft in the quiefcent balls as if the ftib- 
lequent ball was away ; that is, it will by means of 
the interniiLliate balls communicate all its motion 
to the lall, and make that fly off; but no fooner has 
it made tlic ftroke, and thereby parted with its own 
motion, but the fubfequent ball impels it," and im- 
parts to it all its motion, and this motion being' 
propagated thro* the feveral intermediate balls as 
before, makes the laft but one to fly off, and that 
in fuch a manner as to keep pace with, and clofely 
purfue the other •, becaufe in the fame inflant of 
time that the forcmofl: of the two moving balls 
makes its ftroke, it likewife receives the ftroke from 
the hindmoft ball, and of confequence, the flying 
off of the two laft balls, which is the effeft of the 
double ftroke, muft happen at one and the fame 
time. 

Exp, 4* For the fame reafon that two balls fly off^ where 
the number of ftriking balls is two, three will fly oflF 
when there are three ftriking balls, and four, where 
there are four, and fo on, whatever be the number 
of ftriking balls, an equal number will conftantly 
go off. 

Exp- s- If two elaftick balls be unequal, for inftance, if 
one be double the other, and if the greater be let 
fall from the height of nine inches, and ftrike the 
fmaller at reft •, they will both move forward after 
the ftroke, the ftriking body with one third of the 
motion which it had before the ftroke, and the other 
with two thirds ; and the ftriking body will afcend- 
to the height of three inches, and the other to the 
height of twelve. For fince the ftriking body is tx> 
the quiefcent as two to one, it will by the firft of 
the four rules laid down in my laft lefture, commu- 
nicate one third of its motion to it, arid on account 

of 
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o£ the eUfticity a quanrity of motion equal to what L a c t, 
is coramunicated, mulT: be taken from the motion X' . 
remainjjig in the ftriking body, and added to the '""^~ 
motion of the other; conlequently, the Itriking 
body witi retain one third orJy of its motion, the 
other two thirds being communicated to the body 
which receives, the Ib-oke ; wherefore fmce the ftrik- 
ing body is as two, and the height from wliich it 
falls as nine, its motion muft be as eighteen, one 
third of which, to wit, fix, it will retain after the 
reflexion ; and the other two thirds, to wit, twelve, 
will be the motion of the other body, and thefe 
motions being divided by the bodies, will give three 
and twelve for the quotients ; which quotients are 
as the velocities of tlie bodies after reflexion, or as 
the heights to which they afcend. 

On the other hand, if the larger ball be quiefcent, Exp. 6, 
and the fmaller be let fall from the lieight of nine 
ipchcs, its motion will be as nine, whereof twQ 
&irds will by the firft of the four rules be commu- 
nicated by the llroke to the greater, and one third 
only will remain in the ftriking ball, from which 
on account of the elafticity muft be taken as much 
m waj communicated to the larger ball, that is, two 
thirds, but upon fubdufting two thirds from one 
third, there will remain one third negative ; which 
ftjews, that the ftriking ball wiJl be refleifted with 
one third of the motion it had at the time of the 
ftroke, fo as to afcend backward to the height o£ 
three inches ; and the quiefcent ball, to which two 
thirds o( the ftriking ball's morion was commu- 
nicated by the ftroke, will lilcewife on account of 
the elafticity receive two thirds more, fo as to be 
carried forward with a motion equal to what the 
ftriking ball had at the time of the ftroke, and one 
third more ■, tiiat is to iay, , with a motion which is 
3& twelve, which being divided by two, the quantity 
of matter in the ball gives fix for the velocity, or 
tbe height to which that ball muft afcend. 

F From, 
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From what has been faid it follows, that whcrr 
the quiefce;it ball is fmallcr than the ftriking ball, 
there can be no reflexion, becaufe in that cafe the 
ftriking ball will by virtue of the ftroke commu- 
nicate lefs than half its motion, and the motion which 
h to be taken from the ftriking ball on account of 
the elafticity . being equal to the motion communi* 
cated, will upon the fubduftion always leave fome 
motion in the ftriking ball to carry it forward, con- 
fequently, it cannot be reflcftcd. Where the two 
balls are equal there will likewife be no reflexion, 
but the ball which was quiefcent will go forward 
with all the motion of the ftriking ball, and the 
ftriking ball will become quiefcent ; as is evident 
from what was faid concerning that cafe. But 
where the ftriking ball is lefs than the quiefcent, it 
will be refle<fted, and there will likewife be an aug- 
mentation of motion in the greater ball •, for the 
fmaller ball muft upon the ftroke communicate- 
more than half its motion to the greater ball, and 
there muft likewife, on account of the elafticity, as- 
much motion be fubdufted from the fmaller ball, 
and added to the larger, as is communicated -, where- 
fore, fince two equal quantities of motion, each of- 
which exceeds half of the fmaller ball's motion, 
are to be fubdufted from the fmaller ball, and 
given to the larger •, it is plain, that the fmaller 
muft lofe all its motion and fomething more, that 
is, it muft be carried backward or reflefted ; and 
the greater ball muft go forward with more motion 
than was in the fmaller at the time of the ftroke, 
that is, there will be an augmentation of motion ; 
and the excefs of motion in the greater ball, above 
the motion which the fmaller ball has at the time of 
the ftroke, is ever equal to the motion wherewith 
tlie fmaller ball is reflefted after the ftroke, as is evi- 
dent from what has been faid. If therefore motion 
be communicated from a fmaller elaftick body to .a 
larger;^ by means of feveral intermediate bodies each 

larger 
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larger than the other, the motion will be augment- L e c t. 
cd in each of them, and the motion of the laft will . ^\ 
greatly exceed that of the firft -, and this augmen- 
tation of motion is greateft when die bodies are in 
a geometrical progreflion ; for inftance^ if there be 
two bodies which are is one and four, and if the 
fmaller communicates motion to the larger by means 
of one intermediate body, the motion will be great- 
er in the larger body, if the middle body be as two, 
that is, a geometrical mean between the two, than 
if it be as one and an half, or two and an half, or 
, three, or in fhort in any other proportion what- 
ever but that of the geometrical mean. For tJie 
proof of which, let the leflcr body be exprefled by 
unity, and the larger by the fquare of a, and the 
geometrical mtan will be exprefled by a ; fo that 
the three bodies taken in their order from the leaft, 
Vrill be exprefled by the fymbols in the firfl: fl:ep, 
and the motion produced in the fecond body by IM 
ftroke of the firft, will be exprefled by the fecond 
ftep ; and the motion produced in the third by the 
ftroke of the fecond, will be exprefled by the third 
ftep. Again, let another body greater or lefs than a 

be fubfljtuted in the room ther^f, and let the dif^ 
ference between that body and a be called x, in 

this cafe, the bodies will be exprefled by the fym- 
bols in the fourth ftep, and the motion produced 
in the fecond by the Itroke of the firft^ will be ex- 
prefled by the fifth ftep ; and the motion produced 
m the third by the ftroke of the fecond, will be ex- 
J)reflcd by the fixth ftep -, but this fraction of the 
lixth ftep is lefs than that of the third ftep, for if 
from the product arifing from the multiplication of 
the denominator of this fraftion into the numerator 
of that be fubftrafted,* the'prbducl which arifes froni 
the multiplication of the numerator of this into the 
denominator of that -, that is, if from the feventh 
ftep the eighth be fubduAed, there will remain 

Fa the 
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l.ttr. the quantity Which is cxprrffec! in the ninth ffcd. 

. „y\ , Whence it appears, that the former prod\rft W 
'" grtatcr than the latter i and therefore, by ihtf ad- 
CoROi,. of the 19th Prop, of the 7th book of tfir 
elements, thf numerator of the former fr^^^iorT 
bears 3 greater proportion to its denominator, thair 
that of the Utter traiftion does to its denominator, 
that is, the fraftion in the third ftep which exprcfletf 
the motion of the greateff body when the interme- 
diate one is a geometrical mean, is greater than the 

' fraftion in the frath ftep, which fxprcflcs the mo- 

tion of the greateft body when the middle body is- 
not a geometrical mean ; conlequcnity, the motiOft' 
is more augmented when the intermediate body is 
a geometrrcal mean, than when it is greater or left 
in any proportion. 



, 'ft- 


i, a, a". 


ad. 


2a 
I +a 


3d 


a' 


a* + 2a»-t--a 


4tH. 


t, 3+x, a'. 


5tli. 


2 «a-+- X 



i+a + x- 



a' + a'x 



€th. - .^. 

a>+2a'+a + a'x+2ax_fx+x' 

7!h, a*+2a*4a*+a*x+2a*x+a'x+a'jt*. 

8Ut. a*-h2a' + a*+a^xj.2a*+a'X . 

gth. a'jt*. 

To give you an inftance, how prodigioufly mo- 
tion may be augmented, by being fucceOively com- 
municated to feveral bodies in a geometrical pro- 
greflion % 
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^reflipn ; if twenty daftick bodies beplaced one after L 8 c t, 
anothej-, each fiicceeding bpdy exceeding the fore- . _ _ , 
ooing in the proportion of twenty to one ; and if '~^~*'^ 
modon be communicated thro' the fev«ral interme- 
diate bodies from the firft to tlic laft, it will be fo 
far augmented, as to be two hundred thoufand times 
greater In the laft body than in the firft ; fo that if 
we fuppofc the firft to be a cannon-ball, moving 
with the iame velocity wherewith it flies from the 
.mouth of a cannon, which, from the obfcEvations of 
Mr. D E R H A M, 1 (hall fuppofe to be at the race of 
^12 feet in a fecond, tho' there are pieces of cannon 
which difcharge their balls with double that veioc.i- 
,ty, the motion of the laft body will be fo great 33 
^ apphed to tlie ball would carry it at the rate qf 
■above twenty three thoufand miles in one fecond of 
4ime ; which velocity is five thoufand times as great 
.as, the velocity of a body revolving about the eardi, 
;by the force of gravity at a fmall diftancc from i\s 
;furf>ice; for a body fo revolving wiil not come 
, round in lefs than an hour and twenty four mi- 
.*|iutes. 

From .the increafe of motion in elaftlck bodies, _* 
.Fe^bn mjiy be drawn for the augmentation of found 
;in fpeaking trumpets 1 for as the fpeaking trumpet 
is narroweft at the mouth-piece, and dience widci>s 
and inlarges continually to the extremity, the air 
.withjn it, wliich is an elaftick fluiJ, as Ihall be ftiewn 
hereafter, may be confidered as divided into a gre^t 
.miml>er of cylindrical bodies, of very Onall but 
eqRal altitudes, the bafis of the firft being equal to 
,the mouth of the tnnnpet, and the bafis of die reft 
increafing one above another as they are rnore ariji 
more removed from die mouth -, upon which ac- 
count the motion that is imprefted by tiie force of 
-the voice on the firft cylindrical body of air, grows 
larger in the fecond, and larger ftili in the third, 
and fo on, till at length at the exit of the tube it 
■becomes .lb. large as to magnify tl),c found p a great 
F 3 degree 1 
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L E c T. degree ; and of the feveral kinds of trumpets, ^tioSs 

' _Yl^ magnify the found moft, that are of fuch a figure as 

arifes from the revolution of the logarithmick cunre 

PI. 2. about its axis ; that is, let AG be the logarithmiclf 

Fig. 8. curve, and HO its axis, the figure arifmg fix)m the 
revolution of A G about H O, is fuch as a fpeaking 
trumpet ought to have in order to give it the great- . 
eft advantage poffible. For from the nature of the 
curve, if H I, IK, K L, L M, and fo on, be taken 
eqyal ; the ordinates HA, IB, KC, LD, and 
fo on, are in geometrical proportion •, wherefore 
if HI, IK, arid fo on, be taken very fmall, they 
will reprefent the equal altitudes of the cylin- 
drical bodies of air in the trumpet ; and the ordi- 
nates HA, IB, and fo on, will be the radii of their 
bales, and the bodies of air being of equal heights 
will be to one another as their bafes, that is, as the 
•fquares of their radii; but the radii being to one 
another in a geometrical proportion, their fquares 
will be fo too ; confequently, the little cylindrical 
bodies of air will be in a geometrical progreflion, 
the fmalleft wherepf lies next the mputh, and the 
largeft at the exit of the tube ; for which reafon 
the augmentation of found will be greater, €<eteris 
paribus^ in a trumpet of fuch a form than of any 
other form whatever. 

But to proceed to the fecond general cafe, where- 
in both the bodies move one and the fame way, but 
the fubfequent more fwiftly than the preceding. 

^xp. 7. If two equal elaftick bodies move in the fame di- 
reftiofi, and in fuch a manner as that one may over- 
take and ftrike the other, upon the ftroke they will 
change their quantities of motion with each other ; 
for inftance, if the motion of the fubfequent body 
before tjhe ftroke be double the motion of the pre- 
ceding body, then will the preceding body after the 
'ftroke have double the motion of the fubfequent 
. t)ody after the ftroke ; and the preceding body af- 
%^v the ftfpke;^ will move with th^ fame velocity . 

wjierct! 
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wherewith the fubfequent body moved before the L e 
ftroke ; and the fubiequent body will after tlie 
ftroke be carried witli the velocity of the preceding 
body before the ftroke ; fo that upon the (Irroke the 
bodies will change their motions and velocities. For 
fince by fuppofition the fum of the mot'ons is three, 
and fince the bodies are equal, the motion of each 
after the ftroke, fetting afide the elafticity, muft be 
one and an half; and by the fecond rule for deter- 
mining the quantity of motion communicated by 
the ftriking body to the other ; the motion com- 
municated in this cafe will be as one half, and fo 
likewife will the motion arifing from the elafticity, 
which being deduifted from \.\\ii motion which re- 
mains in the ftriking body after the ftroke, and 
added to that of the preceding body, leaves the 
motion 'of the former as one, and of tjie latter as 
two ; fo that upon the ftroke the motions will be 
■ changed. Wherefoi'e if two ivory balls of an equal 
fize be let fall at the fame time, one from the height 
of fix inches, and the other from the height of 
three, after the ftroke, the preceding ball will rife 
to the height of iix inches, and the fubfequent to 
the height of three only. 

If the bodies be unequal and move the fame way, 
their motions and velocities after the ftroke may m 
like manner be difcovered by ti:e help of the propo- 
fition. For inftance, if the fubk-qiient body be as 
two, and have twelve parts of motion, and the pre- 
ceding body as one, and its motion as three ; tiie 
■motion of the fubfequent body after the ftroke will 
be as eight, and that of the preceding body as fe- 
ven, and the velocity of the former will be as four, 
and that of the latter as feven ; for the fum of tht: 
two motions before the ftroke being fitteen, and 
the bodies being as one and two, the motion of the 
lefter body after the ftroke, fetting afide the elafti- 
city, will be as five, and that of the greater as ten, 
but the motion of the Icfier body before the ftroi;e 
F ^ was 



-yfi OttheCOLLISIONof 

L E c T. was at three, confequently, the communicated fl»«K 
. _ _ . tion is as two ; whcrei'ore adding fo much on accouitc 
^ of the elafticicy to the motion ot" the kfler body, 
and (ubdiiCting as much from that of the greater 
body, which in tlus cafe is the ftriking body, ute 
fholl have eight for the motion of the greater, which 
being divided by two, the quantity of matter in the 
greater, gives four for its velocity ; and we (hall 
have fcven for the morion of the lefler body, which 
becaufe the quantity of matter in the lefler is as 
one, will likewifc exprcfs the velocity. Wherefone 
Exp. 8. if two ivory balls, one double of the otlier, be let £aU 
at the fame time, the larger from the height of lipc 
inches, and tlie fmaller from the height of thi<ee, 
after the ftroke the lefler will afcend to the height 
of feven inches, and the greater to the height of 
E.tp. 9. four. On the other Iiand, if the fmaller ball be let 
fall from the height of fix inches, and the greater 
from the height of three ■, after the ftroke the leffor 
will afcend to the height of two inches, and the 
.greater to the height of five, and the motion of 
the former will be two, and that of the latter ten;; 
for fince the fmaller ball is as unity, and falls ftDtn 
the height of fix inches, its motion-at the time of 
the ftroke is fix ; and fince the larger ball Is as Ewo» 
and falls from the height of three inches, the mo- 
tion thereof at the time of the ftroke is Itkewife 
fix ; and the fum of thofc two motions, which is 
twelve, being divided between the bodies in pro- 
portion to their quantities of matter gives eight for 
the motion of the greater, and four tor the motion 
of the lefler, which motions they would have after 
the ftroke, fuppofing they were not elaftick j and 
iince the motion of the greater body before the 
ftroke was fix, the motion communicated to it by 
the ftroke is two, whicji by reafon of the elaft:icity 
being fubdudted from four, the motion of the 
ftriking body, and added to eight, the motion of 
the other body, gives two and ten for the motions 

of 
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of 'the two bodies, which morions being divided by L i c t. 
the refpeftivc bodies, give two and five fpr the ve- . J^- 
locities. 

If two equal bodies meet one another with equal 
■quantises of motion, which is one branch of the 
third .general cafe, they will rebound with the fame 
motions and fame velocities wherewith they ap- 
proached ; for were they void of elafticity th^ 
would upon the ftroke ftand ftill, becaufe they 
communicate to one another a quantity of motion 
equal to that which each of them has at the time of 
the ftroke, and that in a contrary direction j but by 
the propofition, each of them muft on account of 
the elafticity receive as much motion as was com- 
municated by the ftroke -, and the motions which 
are thus received by the bodies being equal, and 
contrary to the motions wherewith the bodies met, 
and which were dellroyed by the ftroke, muft car- 
ry the bodies backward with the fame velocities 
wherewith they approached. Wherefore, if two Exp. lo. 
equal ivory balls be let fall at the fame time ironi 
equal heights, fo as to meet one another, upon ilie 
ftroke they will be reflefted back to the heights 
from which they fell. 

If the balisbe unequal, for inftancc, if one be Exp. n. 
double the other 1 let the larger fall from one half 
only of the height from which the fmaller defcends, 
by which means when they meet; their motions will 
be equal, and upon the ftroke they will be refleifted 
each to the height from which it fell. 

Where the bodies meet one anotiicr with unequil 
motions, which is the fourth general cafe, if the 
bodies be equal, they will both be reflefted, and 
each of them will recede with the modon and ve- 
locity wherewith the other approached; that is, 
they will change their motions and velocities ; for 
let us fuppofe the motions of the two bodies to be 
as fix and three ; if they were void of elafticity the 
:ix)dy which has the ihialleft quantity, of motion 

woulU 
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L « c T, would upon the ftroke be turned back, and the two. 
^* . bodies would be carried with the difference of their 
motions divided equally between them, that is, the 
motion of each would be as one and an half, and 
the motion communicated would by the fourth 
rule be as four and an half; but a Quantity of mo- 
tion equal to what is communicated, muft be fub- 
dufted from the motion remaining in the (biking 
' body, and added to the motion of the other, that 
' is, four and an half muft be fubdufted from one 
and an half, and likewife added thereto ; whereby 
there will be three negative for the motion of the 
ftriking body, which (hews that it will be carried 
back with a motion which is as three ; and there, 
will be fix pofitive for the motion of the other body, 
which (hews that it will be carried with a motion 
which is as fix, in the direftion of the ftriking bo- 
dy before the ftroke ; that is, it will be reflefted ; 
(b that each of them will be carried back with the 

Rxp. 12. motion wherewith the other approached. Where- 
fore, if two equal balls of ivory be let faH at the 
fame time, one from the height of fix inches, and 
the other from the height of three, upon the (Iroke 
they will return back ; but that which fell from the 
]ieight of fix inches will rife only to the height of 
three, whereas that which fell from three inches will 
rife to fix. 

If the balls be unequal, and meet one another 
with unequal quantities of motion, their motions 
after the ftroke may in like manner be determined 
by the help of the rule laid down in the propofition ; 

E^. 13. for inftance, if two ivory balls which are as one and 
two be let fall at the fame time, the greater from 
the height of fix inches, and the fmaller from the 
height of three-, in this particular cafe, the greater 
ball will upon the ftroke lofe all its motion, and the 
fmaller will be reflefted with the difference of their 
motions, fo as to rife to the height of nine inches ; 
for ftnce the larger ball which defcends fronj the 
• ' height 
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height of fix inches is as two, its motion is as 
twelve, whilft the motion of the fmaller ball, which 
is as unity, and defcends only from the height of 
three inches, is as three, the difference of which 
motions is nine j and this being divided between the 
bodiw in proportion to their quantities of matter, 
gives fix for the motion of the larger, and three 
for that of the fmaller ; and with thefc motions the 
bodies would be carried after the ftroke, fuppofing 
they were void of elafticity-, but becaufe of the 
ehiticity, a quantity of motion equal to what is 
communicated by the ftriking body to the other, 
which in this cafe is fix, mull be uken from the 
motion of the greater body, and added to that of 
the fmaller, which two motions being fix and three, 
the remainder after fubdudion, which expreffes the 
motion of the greater body, will be nothing; and 
the fum arifingTrom the addition, which expreflcs 
the motion of die fmaller ball, v/ill be nine. 



LECTURE VI. 

Of the Center of Gravitv, Balance, 
AND Lever. 

MY defign in this leftitre is to give you an ac- I 
count of the firft and fecond of the mecha- 
nick powers, commonly called the balance and the 
lever ; but I fhall firft take notice of fome things 
relating to heavy bodies, the knowledge of which 
is in a great meafure necefiliry to the right under- . 
ftanding of what Ihall be faid concerning the me- 
chanick powers in general. And Firft, in every 
body there is a certain point, commonly called by 
the writers of mechanicks, the center of gravity ; 
the nature of which will beft appear from its chirf 
properties, which are thefe. 

ift, If a body be fufpendcd by its center of gra- 
vity, it will continue in any pofition whatever 
■wherein 
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L 1 c T. wherein it is pkced ; where^ if it bp fu^n^pd ijg^ 
^Yh.^y other point, it will, not reft in any pthcx pofiti^ 
^ ' but where the center of gravity is -either ^ifQ^^. 
.^bove, or directly benccith ihc^ polipt of fufpei^iQix ; 
Exp. I. thus, if two beams be lupponeu, the one by ^ 
«xle pailing thro' its center at gravity ; .the ptj^kfr 
by an axle which doth not pafs thro' the .cciller -Qf 
gravity, but thro' fucli a point, as when the be^^ 
IS parallel to the plane of the horizon, lies diredt^y 
above the center of gravity •, the former will reft 
in any pofition, whether it be perpendicular, paral- 
lel, or inclined to the horizontal plane; but the 
latter will reft in the parallel pofition only ; aqd 
.fhould it by any .force be removed from that pofi- 
,tion, it will, upon the removal of tlie force> l>%ifi 
^o move in order to recover the parallel pofitioi^, jiiifl 
after feveral vibrations will at length fettle .th^W^. 
A fecond property of the ecnt^r^f gravity isi, th^t 
where, that is fuppqrtcd the whole body is likew)^ 
fuftained ; for which reafon the whole weight of a 
body may be .looked. upon as applied to that fmglc 
point, and as centered therein. 

A'third property of this center is, -that it contiiy- 
ally endeavours to move downward towards the cen- 
ter of the earth, and where all lets and impediments 
-are-rejnoved does actually defcend ; andtncreforcrtf 
.in any cafe a body feems to move upward by the force 
•of gravity, it will be found that the. center of gravity 
;defcends notwithftanding any appearance to the con- 
Etp. 2. itrary. Thus, if two rulers be fo placed as to meet 
.in an angle at one of their ends, and there, to reft 
.upon an horizor^tal plane, whilft at their other enj^ 
they are raifed a little above the plane ; and if ft 
body confifting of two equal fimilar cones unitejd 
at their bafes, be laid upon the rulers in fuch a man- 
.ner, that the edge of .their bafes may lie betweep 
the rulers, it will when left to itfelf begin to roll 
-towards the elevated extremities ' of the rulers, and 
upon that account appear to afcend, whereas in re- 
ality 
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ality it moves downward ; for If a ftring be ftretch- L e c t. 
f d horizontally beneath the rulers fo as that it may Y^L 
touch the edge of the bafes of the cones at the "'"^^"^ 
concoiirfe of the rulers, it wiH be found that the 
edge of the bafes defcends below the ftring, and 
that more and more as the body moves nearer to 
the higher end of the rulers. 

Whilft the body rolls upon the rulers, the parts 
of the cones which reft thereon, do by reafon of the 
Widening of the rulers grow continually fmaller i 
upon which account, at the fame time that the bo- 
dy afcends along the plane of the rulers, it is as it 
were carried down another plane equal in length to 
the fide of the cone, and whofe perpendicular alti- 
tude is equal to the femidiameter of the bafes of the 
cones 1 and therefore, if the perpendicular aldtude 
of the rulers in that part where their diftance is 
eqilal to the length of the double cone, be lefs than 
the femidiameter of the baies, the body will move 
up along the rulers, becaufe, by fo doing, it will in 
reality dcfcend, and the defcent thereof will be 
equal to the difference between the femidiameter of' 
thar bafes, and the perpendicular altitude of the 
rulers in that part where their diftance is equal to the 
length of the cones ■, but if that perpendicular al- 
titude be equal to the femidiameter, the body will 
reft dn any part of the rulers, being carried as 
much upward on one account, as it is downward 
on the other ■, and if the altitude of the rulers be a 
little increafed, fo as to exceed the femidiameter of 
the bafes of the cones, the body will roll down 
the rulers, and thereby defcend thro' a fpace equal 
to that excefs. 

If a cylinder be fo contrived as to haVe its center Exp. 3. 
of gravity near one of its fides, which may be done 
by making a Wooden cylinder hollow towards one 
fide, and then fiUing it with lead ; when it is placed • 
on an inclined plane iti fuch a manner as that the 

fide 
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L E c T. fide which is neareft to the center of gravity may learf 
^^ towards the upper part of the plane, it will aicend, 
provided the inclination of the plane be not too 
Imall, but the center of gravity will at the £une 
time defcend ; for it will luitably to its nature en- 
deavour to move downward, and thereby caufe the 
cylinder to revolve about its axis ; and this revolu- 
tion will make the cylinder, and confequently its 
center of gravity, to move up the plane ; fo that 
the center of gravity will have as it were two mo- 
tions, one upward arifmg from the progreffion of' 
the cylinder along the plane, the other downward 
occafioned by the rotation of the cylinder about its 
axis ; but the defcent occafioned by the latter mo* 
tion, will be greater than the afcent arifmg front 
the former -, as will appear by ftretching a line ho-- 
rizontally at the fame height with the center of gra- 
vity before the cylinder begins to roll, for after the 
rotation ceafes the center of gravity will be beneath 
the line \ fo that upon the whole, that center will 
be found to defcend notwithftanding the afcent of* 
the cylinder on the plane. 

When the elevation of the plane becomes {o greaf 
that the afcent arifing from the progreltion becornes 
equal to, or greater than the defcent arifing from 
tlie rotation, the cylinder will in the former cafe 
continue at reft, and in the latter roll down the 
plane. 

A line drawn from the center of gravity of any 
body, perpendicular to the plane of the horizon, is 
called the line of direction of the center of gravity, 
becaufe when the body is carried downward by the 
force of gravity, if it meets with' no let or ob- 
ftacle, its center of gravity will defcribe that line. 
The chief property of this line is, that a.s long as 
it fails within the bafe of the body, fo long the bo- 
dy ftarids, whereas no fooner does it fall beyond the 
bafe, but the body tumbles j as will appear from 

'■**•*' - the 
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the following experiment ; let a piece of wood be L e c t. 
fct on a moveable plane with a plummet hanging ^^ 
&om its center of gravity, and let the plane be gra- E^f 2. 
dually elevated, till at length the plum-line (which, 
as it is always perpendicular to the horizon, will 
reprefent the line of direftion) falls beyond the bafe v 
the wood will not tumble as long as the plummet 
line falls within the bafe, whatever be the elevation 
of the plane whereon it ftands, but the moment 
that line gets beyond the bafe the body falls. 

The reafon why a body ftands during the conti- 
nuance of the line of direftion withiti its bafe is, 
that no motion can arife in any body from the force ^ 
of gravity, unlefs the center of gravity can by fuch 
motion be carried downward; but as long as the 
line of direction of any body falls within the bafe, 
its center of gravity is fupported, and therefore 
cannot defcend -, and confequently, the body will 
remain unmoved •, whereas upon the removal of the 
line of direction beyond the bafe, the center of. 
gravity ceafes to be fupported, and is therefore at 
liberty to defcend. 

From what has been faid it appears, why among 
bodies defcending on inclined planes, fome, for in- 
ftance cubes, only Aide, whilft others as globes or 
cylinders roll ; the lines of direftion falling be- 
neath the bafes of the farmer, but not the latter. 

The center of motion in any body is a fixed 
point or axis about which the feveral parts of a 
body do* move, and in moving defcribe circular 
arches. 

The direftion of any power or weight is, that 
ftrait line wherein it moves or endeavours to 
move. And the moment of any power or weight 
is, that force wherewith it either moves or endea- 
vours to move, and it is always proportional to the 
produft arifing from the multiplication of the pow- 
er or weight into the velocity wherewith it moves • 
or would move if it were not hindred byfome op-. 

pofite 
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L ■ c T. pofite power or weight i and therefore if the prof 
^ _yi- du<ft arifing from the multiplication of one weigh» 
•"'"' or |x>wer into its velocity, be equal to the produift 
arihng from the like multiplication of any othec 
weight or power into its velocity, the moments of 
thole twt) weights or powers mull be equal j anci 
this will always be where the weights or powers arQ 
TO one another reciprocally as their velocities ; coo^ 
fequenily, two weights or powers may balance, iS 
as much ae one exceeds the other in magnitude, ft» 
much muft it be exceeded by the other in velocity j 
and herein confifts the whole force and efficacy of 
all mechanical engines ; for they are lb contrived as 
to diminilh tlie velocity of one weight or power and 
to increal'c that of the other, by which means a ve- 
ry fmall weight or power may become a balance toi 
one exceedingly great, as will appear from whac 
ihall be (aid concerning die mechanick powers^ 
which are commonly reduced to fix, namely, cho 
bdlanct^ the lever^ the puUey, the axle in the 'wixel^ 
the wedge, and the /crew, of each of which in their 
order. 

The BALANCE, ftriiftly fpeaking, is a beam fup- 
ported by an axle whereon it turns ; which axle 
therefore is the center of motion ■, the parts of thtf ' 
beam which lie on each fide of the axle arc called 
its arms, and chole parts of the arms to which the 
Weights are applied are called the points of fufpcn- 
fion ; concerning which it muft be obferved, thac 
the appending weight, whatever be the length of the . 
tord by which it hangs, aifts with the lame forca 
and in the lame manner as if its center of gravity was 
applied to the point of fufpenfion ; lb that it matters 
not what tlie diftance is between the weight and point 
of fuipenfion, 33 will appear from the tollowing ex- 
Exp. c. periment. Let a weight appended at one arm of a 
balance be counterpoiliid by a weight at the other, 
and kl it by means of a cord be hung at different 
diltanccs below the point of fufpenfion ; the pofition 

of 
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of the balance will remain unvaried, ahd the weights L e c t. 
will continue to counterpoilt: each other at all thofe ._J^ 
diilances. 

■ The moment of any weight appended at the arm 
of a balance, is proportional to the prodii(ft arirmg 
from the multiplication of the weigh: into die dlf- 
tante of the point of fufpenfion ftom the axis of the 
balance 1 for as was before faid, the inoment of a 
weight is proportional to tlie produft of the weight 
into its velocity, and in this cafe the velocity of the 
weight is as the diltance of tlie point ot fufpenfion 
from the axis ■, for fince the weight afts in the fame 
manner as if its center of gravity was applied to the 
point of fufpenfion, whatever be the velocity where- 
with tliat point moves roond the axis, the fame wilt 
the velocity of the weight be; but the velocities 
wherewith the feveral points in the arm of a ba- 
lance move round the axis, are as the fpaces, that 
,is, as the circular arches, which they defcribe in the 
fame time, which arches from the nature of the 
circle are to one another as their refpeftive radii, 
that is, as the diftances of the points from the axis. 
Thus, if AB reprefents the arm of the balance PI. z. 
moving round the axis at A, the velocities of the ^'S- 9- 
points B and D, which defcribe the arches EC and ''^' ' 
DE, will be as thofe arches, becaufe rhey are de- 
fcribed in the fame time ; but from the nature of the 
circle, thole arches are to one another as their radii 
AB, and AD, that is, as the diilances of thofe 
points from the axis ; confequently, the moment of 
a weight appended at the arm of a balance, is as 
the produft of the weight into the diftance of the 

E)int of fufpenfion from the axis. Whence it fol- 
ws, that if two weights be appended at the arms 
of a balance in fuch a manner, as that the di(tances 
.of the points of fufpenfion from the axis fhall be re- 
■■ciprocaily proportional to che weights, thole weights 
iwill counterpoife each other, and the balance will 
)ot in aquilibrio j for inftance, i£ two equal weights 
G b« 
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Leer, be ftppdied at equal cUAances from the Etxis, die b«.-> 
^y^- I.apte will not incline to eitlicr fide, but remain pa- 
rallel to the horizon, tiic weights in tins caic couo^ 

Exp. 7. terpoifing one another. Again, if one weight be 
larger than tlie other in any proportion, tor inltance* 
in the proportion of three to one, if die point sK 
Tiyhich the linaller is Bppiicd be thrice as far dtftaM 
from the axis as the point at which the larger is a{>^ 
plied, the balance will be in aquilibrw. 

On this tequi/iMum arifing trom the fufpenfiooaf 

Exp. S. weights at cUilances reciprocally proportional to di«, 
■ftei^tSj is founded the Sfatera Romana^, ochensifis 
called tht; Itecl-yard, which confills of two anas 
very unequal in kngth, but equally poifed by moaoQ 
Qf a weight annexed to the Ihortei-, from whkfc 
likewife hangs a fcale in order to receive fuch things 
as are ta be weighed ; the longer arm is (iivuled 
into a number of equal parts beginning from cfaa 
axis, and fuftains a weight wJtii Aides from oqo. 
end to the other ; which weight being applied ta 
the ftcond divifion, will counterpoile double ika 
weight in the fcale of the fhorter arm, that it waft, 
when applied to the firft divifion 1 and triple , witeit 
applied to the third divifion; and fo on, whaicvcft 
be the divifion to whicli it is applied, the weight in 
the fcale of the ihorrer arm muft be proportional. 
thereto -, otherwifc the prodiifts arifing from thii 
multiplication of the weights into their refpeitivo 
diftances from the axis would not be equal, and, 
confequently would not balance each other. 

Exp. g. On the fame ^equilibrium is likewiie founded th« 
deceitful balance, which is lb contrived, astho'ona 
arm be longer than the other, yet is the (hortep 
made fo much thicker than the longer, as thereby: 
exactly to poife the fame ; upon which account th» 
balance appears to be juif, and confequently fuchi 
weights as counterpoife arc judged equal, wherca© 
in truth that which is appended at the longeft arm" 
is lels than the other, and that in the proportion oii, 

the: 
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leffg^hof fhefhorter arm to that of tKe lo'ngCTi Lic-r. 
^'ihftaricc, if the Idhger arm be to the Shorter as -^^ . 
3 nirie; aweight of nine ounces applied at the ^""^"^^ 
*erarm, will courfterbalance ten ounces append- 
,t the Iliorfcr. 
Several we^lits appended it feVeral diftanccs 
E^irti t!ie axis in oiie fide of a balance, will counter- 
jSoife feveral others appertJed likewife at feveral ttff- 
:ances on the other ftJe ; provided the fum of the 
>rodO(fi:s which arife from the mulriplication of the 
Plights on one fide into their refpeifirive diftances 
tV>fn the axis, be equal to the flim of the produiSs 
■riling from the like multiplication Ot the weights 
'i\ the other fide into their rejpeftive diftances. 
f'hus, if dn one fide a weight oir one ounce be ap- Exp. lO, 
'ended at the diftance of t^vo inches from the itxiS» 
Hd another of two ounces at the diftance of three 
*ches, and a third of three ounces at the diftance 
F" four inches ; and if on the other fide be append- 
i one weight of five oUnces at the diltance of an 
ifch from the axis, and another of three ounces at 
ke diftance of five inches ; the two latter will ba- 
Jnce the three former ■, tor the produft of five in- 
' one, being added to the produd: of three into 
^^y gives the fum of twenty; as does likewife the 
Edition of the ihrje produfts of one into two, tvvti 
#o three, and three into four. 
^The chief ufe of the balance, commonly called k 
^y of fcales, is to compare the weights of different 
^feies together ; and that this machine may be aS 
Bkt and perfeft as polTible, it is t-equifite, ift. 
■t the ceiiter of gravity of the beam be placed 
tottle below the axis, becaufe in this cafe, wheii 
ere is an ^quilibriam, the beam will not reft irl 
^'~ pofiiion but the parallel; confequcntly, the 
;hts which are compared together will appeal* 
: eqiial, as they really are ; whereas if the axis 
laced beneath the center of ^avity, ftiould tha 
r of gravity be moved out m the perpendicu- 
G 2 \ai 
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larline, whicli can fcarcely be avoided, it will e 
return, but from its tendency downward wiU 
carried lower, fo as to give tlie beam an inclined ( 
fitioni tor which rcalbn the weights will appear 
be vinequal, tho' in reality they arc not fov andt 
fame inconvenience will arifc it" the axis pafTes tiu 
the center of gravit)', for in that cafe it has be 
already lliewn, that the beam, notwithilandingci 
tequHilriam, will reft in any pofition. 

Secondly, the arms of the beam ought to be fl 
aiftly equal both as to weight and length, the lO 
(on of which is evident, from what was iaid ca 
cerning the deceitful balance. 

Thirdly, tiie points from which the fcalcs i 
fiifpended, ought to be in one right line paffi 
thro' the beam's center of gravity ; for by tniscfl 
trivance the weights will aft dircifUy againft ea 
other, fo that no part of either will be loft on a 
count of any oblique direftion. 

Fourthly, the trtftion of the beam againll t 
axis ought to be as little as poflible ; becaufe, fhou 
the friiftion be great, it will require a confideni 
force to overcome it ■, upon which account, ll 
one weight fhould a little exceed the other, itt 
not preponderate, the excefs not being fulHcient 
overcome the friftion, and bear down the bcaffl 

That the frii5tion may be as little as poflible, i 
parts of the beam wliich play upon the axis, as a 
the axis itfelf, fliould be wellpoliflied, and thei 
fiiould be made as fmall as the ufcs of the balai 
will admit -, but as friftion cannot be entirely p 
vented, to remedy the inconveniences arifing fti 
it as much as poflible, the arms of the beam ouj 
to be made as long as they conveniently can ; 
caufe the longer the arms are, the lefs will 
weight be that is requifite to overcome the foAit 
the moments of weights increafing in proportiot 
their diftanccs from the center of motion, as 
been already ihewn. 

Ifl 
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I {hall clofe what I had to fay concerning tlie 
balance, by laying before you one property of it,^ 
which is fomewha: fingular and fiirprifingj the' it 
_3j,has not that I can find been taken notice of by any 
"of the mechanick writers *, namely, that if a man 
iding in one fcale and counterpolfed by a weight 
the other, lays his hand to any part of the beam, 
.d prefies it upward, he will thereby deftroy the 
ibalance, and make the fcale wherein he ftands to 
preponderate. 

In order to account for this property, lefAB 
■eprefent the beam of a pair of Icales playing on 
,thc axis at C, and let a man ftanding in the fcale 
D, and coimterpoifed by a weight in the fcale E, 
lay his hand to fome part of the beam, either on 
' ,e fame fide of the axis with himfelf as at H, or on 
le other fide as at IC, and prefs the fame upward ; 
lafmuch as aftion and rea(5tion are always equal, 
is manifeft that with whatever force the hand 
irefles upward againft the point H or K, with the 
LHic the hand, and confequently the man's whole 
[y, is preflcd downward ; and therefore the fcale 
wherein he ftands bears the fame prefigure from 
his feet that the point H or K does from his hand ; 
' ut the prefiiire upon the fcale D may be looked 
ipon as applied to the beam at the point A from 
Much the fcale hangs ; confeo,uendy, the fame force 
' lich preffes up the point H or K, preffes dowh the 
lint A ', wherefore putting F to denote that force, 
X H C will exprefs the moment wherewith the arm * 
C is preffed upward when the hand is applied at 
and FxKC the moment wherewith the arm 
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• TTie properly here men.tioned, had not been taken hntJce 

of by any of the Mechanick Writers, when the Author 01m- 

pofed this.Leflure; but has been publjlhed fince, baibin-ihe 

Philofophlcal Tranfaftions lur the year 1729, ani_ iii a courfe 

Lef .experimental Pliilofophj;, by Dr. Desaculiers. to whota 

Hmr Author communicated it, as he told me and many otiitt}, 

^^^Ut thirteen or fburKcn yova ago when he was ia iM/fmi., 
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L E c T. B C is prefied upward, the hand being ap[jli«l af I^ _ 

y^^ and in both cafes F X AC will exprcfs tHe mo(l)fitit 

-V"ir™^ wherewith the arm AC is piefTcd dowp.wari b|^ 

iTieans of the rcaiflion ; if therefore the haoi i' 
applied at tL It is niinifi-'fl: that a? the arm A,C is,; 
one and the ume time prelTfd upward, by a-fpi 
wjiich is as FxHC> ajid downward by, a f 
which is as the fame F X AC, and as H.C is 
kff th?n AC, thf arpi AC muft delVend wi;h the 
ditji-rcivie of thofe forces, tliat is, with a fprct; equai 
to F X AH, which is the dillance of the hand/ccpi 
thc_ point A i if the hand b^ applied ;it K, ttea^ 
CB is prelTccI upward, a^idconfcqucncly AC doffo^ 
wafd, with a force eqii^ to F X KC, and upqq,ac. 
count of the re:i(Sion AC is likewilr prcfTcQ' down- 
ward with a force equal to F X A C ; and thewiipai 
it' muft deiccnd with a force equal to the f(,im, ck 
(hpfc two fcrces, Uiat is, with a force eqi^^^ 
FxAK the diftanceof thehand frppithepoit^t Ai, 
fo that the fcale D muft preponderate whether the 
hand, be applied to that part of the beam wjhich. 
lies OQ" the lame fide of the axis with the man, or,>t^ 
that which lies on the other fide ; ag^ if Obe, 
to denote the diftance of that point, to which 
hand is applied fro^n the point A, the force, -w^lii 
with the preponderating fcale defcends will be 
verfally as F X D, iliat is, as the force which. 
hand exercifes aoainfl; die beam, multiplied igj 
the diftance of the hand from the point A. A?|, 
ii£ the force wherewich the hand prcfies the.bqag? 
be, required, it may be difcovercd by thrawjngJH 
as .much weight into the fcale E as is fufficieni;- tg 
balance the force of the hand, and to prevent the 
defcent of the fcale D ; for putting "W, to denote ttiafr 
weight, its momeni is as W x B C or A C, wlyijhflw^ 
ing equal to F-X D the moment of F, F will bj 

found equal to. Wx-rr-, that is, to the- wd] 

multiplied.iniQ.half :h?.l?ngtlt. ofjtUe. beam_, am 
dividi 
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divTd'ed by the dlftance of tKe hand from A. For t e c t 
mftance, if the balancing weight be twenty pounds, , Jf^' 
*nd the diftartce of t!ic hand fi-om A be to half the 
fcngth of the beam as one to two, the force where- 
with- the hand preiTes tiie beam is equal to twenty 
pounds mukiplied by two and divided by unity*, 
that is, it is equal to forty pounds ; from what has 
been- faid ic follows, that when the hand is applied 
to thM part of the beam which lies on the fame fide 
of the axis with the man, the force of the hand 
upon the beam is greater tlian the weight which bal- 
ances it in the fcaie E, and lefs than the fame wheri 
the hand is applied to that part of the beam which 
lies on the, other fide of the axis witli refpecl to the 

mm;; for in the firft cafe, W X-rr is greater than 

■W, and in the latter lefs, inafmuch as A C is in the 
ion^er cafe always greater, arid in the latter lefs 
rikn D; 

Theiccond, and indeed the moft fimple of all the 
rfrcchanick powers is the lever. ; an engine chiefly 
nfade'ufe of to raile large weights to fmall heights', 
-flj' the writers of mechanicks, it is fuppoled to be 
an- inflexible line void of all gravity; tho' ftich as. 
are in common ufe are botii flexible and weighty. 
Ih every lever there is one immoveable point, about 
whicfi as a center all the parts of the Igver turn ; 
and whatever fupports that point is callcii the prop i 
and with' regard to the different fituations of me 
moving power, and the weight' to be moved in r^- 
Ijeft to the prop, the lever is flividcd' into th'rec" 
lands ; the' firft of which is where the prop is placed ' 
between the moving power and the weight to be 
raifed ; whicli kind' ot lever is reprefented, where- PI. j. 
in C denotes the prop, B the -weight, and A the ^'S- "■ 
paWer; In tliis lever there will be a balaitce be- 
t^-en the power and the weig^ic, provided they be 
to one atlother reciprocally as their diftancc^ from 
the pr^; tliat is to fay; if the power at A be to 
G 4 the 
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L E c T, the weight at B, as CB to C A ; for upon the mo^ * 
VI- tion of the lever round its fixed point C, the power 



at A will defcribe the arch AD in the fame time 
that the weight at B defcribes the arch BE ; confe- 
quently, the velocity of the power will be to the 
velocity of the weight, as t!ie arch AD to the arch- 
BE ; that is, becauie the arches are fimilar, as is evi- 
dent from the manner v;hciein they are generated, 
as AC to Ci3. I'hat therefore the produdl arifing 
from the rriuliiplication of the power into its velo-t. 
city, may be equal to the produft of the weight in- 
to its velocity -, or in other words, that their mo- 
ments may be equal, the power muft bear the fame 
proportion to the weight, that BC the diftance of 
the weight from the prop bears to A C the diftance 
of the power from the prop. For inftance, if BC be 
to AC as one to two, and if a man's ftrength be 
Exp. 12. fuch as that without the help of a machine he can 
fupport an hundred welglit, he will by the help of 
this lever be enabled to liipport two hundred •, be- 
caufe as BC is to AC, which by fuppofition is as 
one to two, fo muft the power at A be to the 
weight at B ; but the power at A is fuppofed to bc^ 
equal to one hundred, confequently the weight muft' 
be equal to two. 

As in this lever the prop may be placed either 
at the middle diftance between the moving power, 
and the weight, or nearer to one than the other, it 
is evident that there may be a balance between the 
power and the weight, either when they are equal, 
or when the one exceeds or is exceeded by the 
other according to the different fituations of the 
prop. 

To this kind of lever may be reduced feveral 
forts of inftruments, fuch as fciffars, pincers, fnuf- 
fers, each of which may be confidered as made up 
of two levers, whofe prop is the fame with the pin . 
which rivets them together. Quarry crows are 
Ukpwife levers of this kind, conceding which it 
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muA be obferved, that the larger aiid more ponde- L e c t. 
rous they are, provided they are not fo big as to , ^; . 
become unmanageable, the more iifeful they muft ' 
be, becaufe the weight of tliat part of a crow which 
I lies on the fame ficie of the prop with the power, 
and which ufually far exceeds the other part in 
length, afts in conjvii)ftion with the power, and 
thereby facihtates the raifing of the ftones. 

If the arms of this lever, inllead of lying In a 
right line, meet each other at the prop in a right PI. 3. 
angle, where AC and BC reprell-nt the arms of a P'2- '- 
lever united at the prop C, in fuch a manner as 
to conftitLite a right angle ACB ; if to one arm as 
C B placed horizontally, a weight be appended at B,. 
and to the other as A C Handing perpendicularly a 
power be applied at A adting in the diredion AD. 
In order to a balance the power muft be to the 
weight as B C to AC, that is, the power and weight 
muft be in the inverfe ratio of the lengths of the 
arms to which they are applied. For as the arms' 
turn together upon the prop C, in the fame time 
that the point B defcribes any arch as BK, the point 
A muft defcribe a fimilar arch as AH ; confe- 
quently, the velocity of A will be to the velocity of, 
B as AC to BC; but as the moment of the power 
gt A is fuppoled equal to the moment of the 
weight at B, the power muft be to the weight, as 
the velocity of the latter to the velocity of the for- 
mer, that is, as BC to AC. 

To (;onfirm this by experiment, let BC be one Exp. 13. 
fourth of AC, and a weight of twelve ounces be 
appended at B ; to the cord ADF made faft to the 
point A and pafllng over a pulley at D, let a weight, 
of three ounces be hung at F fo as to pull the arm 
AC in the direction AD, and there will be a ba- 
lance. And if BC be one third or one half of AC, 
then a weight at F, which in the former cafe is one 
^hird, and in the latter one half of P, will balance 

the 
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L I c T. the fame^ . and if AC and BC be equals die ba^ 
y^ hmcing weights muft be lb too. 
"^ ""^ From the fxpcrimcnts, and what has b«;n faid 
conGeining them, it is evident, that the greater the 
proportion is which AC bears to B C, the greater is 
the force of the- lever, or the left the power at A 
wquifiie to balnfice a given weight at B. And for- 
afmuch as thu Hamiiier when made ufe of in draw- 
ing naits is a lever of this kind, it is maniftft, 
that the longer the handle is in proportion to 
that part of the hammer which lies between the 
handle and that portion of it which gripes the nmlj 
tiie left will the torce be that is requifite to draw the 
nail'. 

The ftcond kind of lever has its prop at one endj 
the power at the other, and the weight betweeni a* 
PI- 3- where C is the prop, A the power, and B tlie 
Fig. J. yjejgi-tj in this lever, in the fflnie time that the 
Exp. 14. power at A moves thro' the arch of a circle whofe- 
radius is AC, the weight at B moves thro' a fimi-' 
lararch of a lelTer circle whofe radius is B€-, con- 
ftqiiently, the velocity of tlie power is to the velo- 
city of' the weight as AC to BC ; in order therefore^ 
to a, balance, the power muft be to the weight as- 
BC'to AG; thatisi as much as AC, the diftancc 
of the' power from the prop, exceeds BC, thedif-^ 
tMce of the weight from the prop, fo-much ittuif 
thfr weight exceed the power. 

As in tills lever thedlftance of the weight from- 
the' prop is always lefs than the- diftance of the 
power trom the prop, it is evident that there can^ ■ 
not be a balance in any cafe but where the weightr 
cKeeeds tlie power. 

To this kind of lever may be reduced the oars' 
and' rudders of ftiips, cutting-knives fixed at- one" 
Exp. ic. ^Ji^i and doors moving upon hinges. 

If in this lever we fuppofe the power and" rittr* 
■weight to-changc their places,- fcasthatthe pow«r- 

may ■ 
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may be applied at B between the weight at A and Le-ct. 
the prop at C, it will become a lever, of the thixd- *' 
kind i wherein in order to a balance, the power at 
B miiit (o far exceed the weight at A, as BC tjjp' ^' 3- 
diltance of die power from the prop, is, Icfs, than ^'S' ■*• 
AC the diftance of the weight from the prop. 

It is evident, that the moving power recei\»es m>; 
adyantage from this kind of lever, and tlierefore it' 
is never made \ile of but in cafes of neceflity» and? 
where tjie weights to be raifed cannot be managed 
it) a more convenient manner -, as is the caSe of lad- 
ders, which being fixed at one end are by. the force, 
of a man's arms reared againil a wall, 

As levers are of fervice in raifing weights^ {o are 
they likewife in carrying and fupporting the fame ;, 
concerning which it is to be obfei'ved, that when.twOj 
powers fupport a weight by help of a lever, the fuiHi 
of the powers muft equal the weigiit •, and the wf igbt,- 
beixig placed between them, their refpei5Uvc diftances, 
therefrom muft be reciprocally as. the powers ; thus, , 
if a weight refting on the lever at B be fupported Pl, 3. 
by. two powers, one at A and the other at C, the F'£- S- . 
diltance of A from B muJl: be to die diftaifce of- C 
from B, as the power at C is to the power, at 4-.. 
For in this cafe the lever is of the- fecond.kind, 
where each of the powers is in its turn to be looked 
upon as the prop, and then the other power muft 
be to the weight as tlie diftance of the weight from 
the prop to the diftance of the power h'om the- 
prop ; that is, when^ is coniidered as the prop, . 
the power a: C mulffle, to tlie weight at B^ as-,.AJBr 
to AC J arid when C is confxdered as tfe? prop, thft^ 
power at A muft be to the Tame weight at B, _aj, 
CB to CA. Con!eqii,ent:ly, fince the power, at>Ai, 
js.to the.weifjht, asBCtoAC; and fmce the farciQ- 
weight is tQ the power at C, as A C to ABf. the.- 
power at A mtift be to the power; at G, aa-BG.t^,- 
iJA, that ig, the powers muftbe.to one another Jn-- 
vcrfly, 35 , tbsir diftftOGC : from. xhs. Weight i . andi tiju** 
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tcT. it will appear to be from experiments. For if front 
]^;^_^thc point B of the lever AC a weight as D be fuf- 
jp. i6. pcnded, and if two other weights as E and F be 
^ fufpended from the cxtream points A and C by 

cords pafling over pullles, lb as that they may draw 
the lever direftly upward i they will fupport the 
weight D provided the Turn of thofe two weights 
be equal to the weight D, and the weight E be to 
the weight F as BC to BA. 

The fame thing will happen, if the three weight* 
be made to pull the lever horizontally, which may 
be done by paflltig the cords over fmall wheels or 
pins placed on a level with the lever. 

In fticwing what the proportion ought to be be- 
tween two powers which fupporr a weight placed 
upon a lever, I have fiippofcd the pofition of the 
lever to be parallel to the plane of the horizon i 
what the proportion ought to be, nnd in what man^ 
rjer fuch proportion is determined in inclined pc~ 
tions of the lever, (hall be (hewn, when I come 
treat of powers ading in oblique direftlons. 

If inftead of a fingle lever, feveral be combined 
together in fuch a manner, as that a weight being 
appended to the firft lever, may be fupported by a 
n. 3. power applied to the lalt, as in the machine, which 
Sig. 5. confi(l:s of three levers of the firft kind, and is fo 
1. contrived as that a power applied at the point L of 
the lever C, may fuftain a weight at the point S of 
the lever A. The power muft be to the weight, in 
a ratio compounded of the feveijl ratios, which thofe 
powers that can fultain the wnght by the help of 
each lever when ufed fmgly and apart from the red:, 
have to the weighty for inftance, if the power 
which can fuftain the weight P by help of the lever 
A alone, be to the weight as one to five ; and if the 
power whereby the fame weight can be fuftained 
by the help of the lever B alone, be to the weight, 
as one to four ; again, if the power which can uip- 
port the fame v«^eight by the help of the lever C 
filone, 
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_ alone, be to the weight as one to five j the power L cj 
'which fupports the weight by means of thofe three, 
■ levers joined together will be to the weight in a 
_rai2o- compounded of one to five, one to tour, and 
one to five, that is, i: will be as one to an hundred. 
For fince in tlie lever A, a power equal to one fifth 
of the weight P preffing down the lever at L, is 
fufficient to balance the weight ; and fince it is the 
, fame thing whether that power be applied to the 
lever A at L, or the lever E at S, the point S beat- 
ing on the point L, a power equal to one fifth of 
. the weight P being applied to the point S of the 
. lever B, and preffing the fame downward, will fup- 
port the weight ; but one fourth of the fame pow- 
er being applied to the point L of the lever B, ^id 
pulhing the fame upward, will as efFcttually deprefe 
the point S of the fame lever, as if the whole power 
was applied at S ; confequently, a power equal to 
one fourth of one fif'cji, that is, to one twentieth 
part of the weight P, being applied to the point L 
of the lever B, and pufliing up the fame, will fup- 
port the weight ; but it matters not whether that force 
be applied to the point L of the lever B, or to the 
point S of the lever C, fince if S be raifed, t, 
which refts thereon muft be fo too i but one fifth 
of the power applied at the point L of the lever C, 
and preffing it downv/ard, will as etftftually raife 
.'the point S of the fame lever,-as if the whole power 
was applied at S and puflied up the fame ; confe- 
quently, a power equal to one fifth of one twentieth, 
that is, to one hundredth part of the weight P, be- 
ing applied to the point L of the lever C, will ba- 
lance the weight at the point S of the lever A j that 
is, a power which is to the weight, in a ratio com- 
pounded of the three ratios, wiiich the powers have 
to the weight in each lever taken feparately, will be 
a balance to the weight, when the three level's are 
ufed jointly. And by the fame way of reafoning ic 

will 
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Of the pulley. 

iwH 1* foimd, diit in all machines <^ tliisM^ 
■rfie pott«T reqiMfict: to fufttfin the weight, is to the 
\wight, in a rtirio made lip ot x\k iWeral ratim of 
»iie pother to the v.'cight in ench lever taken lepi- 
■ tme^S -wltattVer bt- the numbt-r of levers. 

In *)! that has been huherto laid concernihg tTic 
Jevirt', the pov/cr and the weight are fuppoled to aft 
ih direft oppoliiion to each other \ and on this fttte- 
ipdfrtkjrt, the piwer mult be to the weight in e:(«i 
■if the three kinds of Icvtm, in the reciprocal ratta 
■of thfcir diftaTice3 from the prop, as has been fully 
•ptovtA with regard to each kind -, but whcfe tHe 
dirctfliotis of tltt poWer and weight are inclined to 
feodt other, die proportion *ill vary from what His 
bt*B here determined, as fliall be Ihewn, when I 
ixiftif: to weat of powers a^ing in obliq\ie di- 



LECTURE VII. 
Of the Pulley. 



1"^ this lefture I fhall give yoVi an account 6F tifls 
Pulley, the Axle in the Whtd, the Weige^ and 

"the Jtrtw. The pulley is a fmall wheel that 
turns about its axis, and which has a drawing ropb 
paffihg over it. It is made ufe of in raifing targfe 
wfeights to confiderable heights ; and is of twb 
kinds, fixed and moveable ; the fote ufe of the fix- 
ed pulley, is to change the direction of the moving 
power 1 which in all cafes where weights are to be 
raifed to great heights, is exceedingly convenient, 

. and very often of abfoKite neccfTity ; for inftance, if 
the weight P is to be raifed by the force of a man's 
hand to any height as A above the reach of thi 
hand, the man muft quit his place arid afcend i/l 
Ordtr CO carry up the weight, which for the moft 

part 
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part is found to be inconvenient, and fometimes im- I. b c t^ 
priii9:icabl« ; wliereas if to a rope as PA F pafling ^^■ 
pver the fixed puUey at A, the weight be made fall '"' 
at one end as P, and the hand appHed to the other 
end at F, the man by drawing the rope AF down' 
ward, will without moving from his place raifft 
the weight as effediually, as if his hand was applied 
to it and moved upward from P to A ; fo that in 
railing wdghts to great heights the fixed pulley U 
$»f lingular fervice, in as much as by changing the 
direftion of the power, it takes off the neccffity 
that a man would otherwife lie under of afcenoUng 
a(o5^ with the weight, and by fo doing lefiens hii 
Igbour; befides, it has this farther convonierKre at- 
tei>ding it, that by "means thereof the joint ftrcngth 
of feveral peribns may be made tile of to raife Oiw . 
apd the fame weight, which in many cafes cannot 
be -done, at leaft not fo convaiiently, where the 
weig]« is railed by the immediate application of 
the hands ; but this 4>ulley does not in the leaft af-i 
fift the power, by incrcafing its moment ; becaufd 
it neither leffcns tlie velocity wherewith the weight 
rifes, nor augments that of the power ; for what- 
ever be the fpace thio' which the power moves bj^ 
drawing the rope A F, the weight moft in the fame 
time be drawn up thro' an equal fpace ; the rop4 
AP conftantly fhortcning in the fame proportion, 
that the rope A F is lengthened ; and therefore, 
wherever any power fiipports a weight by means of 
a fixed pulley, that power muft be equal to the 
weight. 

When a pulley rifes and falls along with the 
weight, as does this pulley, it is faid to be move- pi. 3. 
able, and with regard to its ufe, it is jiift the re- f J£- ?• 
vcrfe of the fixed pulley -, for it adds to the mo- 
ment of the power, but caiifes no change in its di- 
rediion 1 for if the hand be applied at F to the 
rope D, in order to raife the weight P appended to 
the moveable pulley E, it muft move direiStly up- 
ward 
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I. E c r. ward in the very fame manner, as if it was applied 
^_V^ . immeiiiatcly to the weight; confequently, the di- 
rection of the hand which raifes the weight is no 
way altered by this pulley, but the moment thereof 
is doubled, becaiifc it is made to rile twice as faft 
as the weight ; for in the fame time that the hand 
moves upward from F to G, thro' the fpace FG 
equal ir\ length to the two equal ropes D and Ci 
the pulley, and confequently the weight annexed; 
will be drawn up thro* the fpace EH, whofe length 
is equal to one of the ropes only. 

In machines confifting of ieveral pullies, where- 
of fome are fixed and Tome moveable, and which 
have one common rope that goes round them all ; if 
one end of tJie rope be fixed, as is the cafe in the 
PI. 3. machines reprefentcd by thefe figures, in order to a 
Fig. 8, g, balance, the moving power muft be to the weight, 
'°' as one to twice the number of moveable pullies ; 

becavife the velocity wherewith the power moves in 
railing weights by the help of fuch engines, is to 
the velocity of die rifmg weight, as twice the num- 
ber of moveable pullies to unity ; as I ihall now 
^\- 3- fiiew you in the machine, which confifts of one 
^^* ■ fixed pulley as A, and another moveable as E. 
Since it is one and the fame rope that is continued 
from G to F, the part A F which lies beyond the 
fixed pulley, cannot be drawn down and thereby 
lengthened, unlefs the two parts D and C, which 
lie on each fide of the moveable pulley, be at the 
fame time drawn up and fhortened, and that equal- 
ly ; whence it is evident, that the part A F will be 
lengthened as faft again as either D or C is fhort- 
cnedj inafmuch as what each of thofe parts Hole of 
their length is added to the length of A F ; but the 
point F to which the power is applied, defcends 
as fail as A F is lengthened, and the point E to 
which the weight is faftcned, afcends as faft a^ 
I> Or C is Ihortened ; confequently, the velocity of 
the power is to the velocity of the weight, as two 
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to one, that is, as twice the number of moveable L b c t. 
pullies to unity -, if therefore a weight appended at , Y J ^' _ , 
F, be to a weight appended at E, as one to two, ^^p. 2. 
they will balance each other, as being to one an- 
other in the reciprocal rath of their velocities. 

In the machines, each of which confifls of two PI. 3. 
fixed and as many moveable pullies, and which'dif- P'S-9'"'' 
fer only in this, that in one the pullies of the fame Exp. j. 
kind move upon one and the fame axis, and in the 
other upon different axes ; I fay, in thefe machines, 
the velocity wherewith the power moves is to the 
velocity wherewith the weight rifes, as four to onCj 
that is, as twice the number of moveable pullies to 
one ; for as the part of the rope AF is drawn down 
and lengthened, the four pares B, C, D, H, which 
lie on each fide of the two moveable pullies are 
drawn up and fhortened, and that equally ; and 
what each of them lofes of its length is added to the 
length of A F ■, confequemly, A F is lengthened fouf 
times as faft as each of the other paits ihortens 1 
but the power moves as faft as AF lengthens, ancl 
the weight rifes as faft as the other four ftiorten } 
and therefore, the velocity of the power at F is to 
the velocity of the weight at E, as four to one, or 
as twice the number of moveable puUies to unity : 
for which reafon, if a weight be appended at F, 
which is to the weight at E as one to four, that is, 
in the reciprocal ralio of their velocities, there will 
I be a balance. 

, "What has been thus proved with regard to the 

I three laft machines, namely, that the velocity 

wherewith a power moves in raifing a weight is to 

I the velocity wherewith the weight rifes, as twice 

. the number of moveable pullies to unity, is in the 

fame manner demonftrable with regard to any other 

I macliine of the fame kind, wJiatever be the num- 

I berof pullies whereof it confiits ; and therefore, in 

I all machines confifting of feveral pullies, whereof 

I feme are fixed and others moveable, and round 

r H which 
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L E c T. which goes one common rope, fixed at one end, 

Y^ i^ ^^y ^ ^^^^ down as a general rule, that in order 

^ to a balance between the moving power and the 

weight, the former muft be to the latter, as one to 

twice the number of moveable puUies. 

Exp. 4. If the rope which goes round the puUies, inftead 

of being fixed at one end, be fattened to the weight 

or to the block which fupports the moveable pul- 

Pl. 3. Ues, fo as to rife therewith, as in this machine. 

Fig. II. which confifts of five pullies, whereof three arc 
fixed and two moveable, and in which the end of 
the rope is joined at G to the block which fup- 
ports the two moveable pullies -, the velocity of 
the power is to the velocity of the weight, as the fum 
of twice the number of moveable pullies increafed 
by unity to one •, for in this cafe, the parts of the 
rope which are equally fhortened in order to 
lengthen the part AF, are more in number by one 
than the fum of the moveable pullies when doubled; 
confequently, fince the power at F moves as faft as 
AF is lengthened, whilft the weight at E rifes in 
proportion only to the fhortening of the ropes 
B, C, D, H, K, the velocity of the power bears 
the fame proportion to the velocity or the weight, 
as the fum of twice the number of moveable pullies 
increafed by unity does to one ; and therefore, if 
the power be to the weight in the inverfe ratio, that 
is, as one to twice the number of moveable pullies 
added to unity, there will be a balance. Thus, if 

PI. 3. in the machine a weight appended at F be to an- 

Fig. II. other at E, as one to five, they will balance, and 
remain unmoved. 

Exp. 5. If to any of the forementioned machines be 
added a runner, that is, a fingle moveable pulley, 
which has its own rope diftinft from that which is 
common to the other pullies, one end whereof is 

PI. 3. fixed as at L, the other being fattened to the 

F*g- ". block at E, and the weight appended at M, the 
force of the former machines wiU be doubled by this 

addi^ 
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additional pulley 1 for fince the point E moves i^fith L e c t. 
twice the velocity of the point M, as I Ihewed , ^^1 . 
when fpeaking of the fingle moveable pulley, what- 
ever be the proportion which the velocity of the 
power at F bears to the velocity of the weight when 
appended at E, it will be doubled if the weight be 
appended at M; confcqucntly, the power will by 
the help of t!ie runner be able to fuftain twice the 
weight that it did before. 

If a machine be combined of one fixed and fe- PI. 3. 
veral moveable puUies, put together in fuch ^ 



manner as that each of the moveable pullies has a 
fcparate rope, one end whereof being fixed, the 
other either paffes over the fixed pulley, as does 
that of the firftmoveable pulley E, or is joined to 
the moveable pulley which lies next above it, as is 
the cafe of the ropes B, C, D, which belong to G, 
H, and I, the fecond, third and fourth moveable 
pullies 1 B being joined at N to the firft move- 
able pulley, C at K to the fecond, and D at L to 
the third ; the weight being appended to the laft 
moveable pulley at H. The velocity wherewith 
the weight rifes in fijch a machine is to the velocity 
of the power, as one to the laft term of a duple 
progrelfion, whereof the firft term is unity, and 
the number of terms more by one, than the num- 
ber of moveable pullies. 

For as I proved when fpeaking of the fingle 
moveable pulley, the velocity of the power at F is 
to the velocity wherewith the pulley E rifes, as 
two to one -, and fo likewife is the velocity of E, 
to that of G, and that of G, to that of I, and fo 
on, whatever be the number of moveable pullies, 
the velocity of each fucceeding pulley is but one 
half of the velocity of the preceding -, wherefore, 
if the velocity of the laft pulley, which is the fame 
with the velocity of the weight, be put equal to 
unity, the velocity of that which immediately pre- 
, cedes it, to wit H, will be as two, and the velo- 
H 2 city 
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L E c T. city of G, as four, and of E, as eight, and (b on ; 
y^ , if there be more moveable pullies, the velocity 
"^ will be continually doubled, and (ince the velocity 
of the laft pulley is expreffed by unity, that of the 
firft will be expreffed by the laft term of a duple 
progreffion whofe firft term is unity, and the num-* 
ber of terms equal to the number of moveable pul- 
lies ; and confequently, fince the velocity of the 
power is double that of the firft moveable pulley, 
if the duple progreffion be continued to one term 
more, that term will exprefs the velocity of the 
power, the velocity of the weight being as unity ; 
thus, in this machine, the number of moveable 
puUies being four, the velocity of the weight at 
M is to that of the power at F, as one to fixteen j- 
if therefore a weight appended at F be to the weight 
at M, as one to fixteen, there will be a balance. 

Tho* this engine be of greater force than any 
other wherein there is the lame number of move- 
able puUies, yet inafmuch as it does for that very 
reafon raife weights more flowly, men for the 
fake of difpatch choofe rather to make ufe of fuch 
combinations of pullies as are reprefented in the 
9th and loth Figures, and where they have occafion 
to raife very large weights, they double the force 
of thofe machines by the addition of a runner. - 

The fourth mechanick Power is called, the 
AXLE IN THE WHEEL-, which is a fimplc engine 
confifting of one wheel fixed to the end of an axle 
that turns along with the wheel -, the manner of 
raifing weights by the help of this machine is thus ; 
the power being applied to feme part of the wheel's 
circumference, turns the wheel and together with 
it the axle, by which means a rope that is tied to 
the weight at one end, and made faft to the axle 
at the other, is wound aboUt the axle, and thereby 
the weight drawn up ; and for as much as the wheel 
and its axle revolve together, in wliatever time the 
power moves thro' a fpace equal to the circumference 

of 
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of the wheel, the weight miifl: in the fame time be L e c t. 
railed up thro' a fpace equal to the circumference ^^' 
of the axle, confv:-quently, the velocity of the power ' """—^ 
is to the velocity of the weight, as the circumfe- 
rence of the wheel to the circumference of the axle ; 
that is, from the nature of the circle, as tlie diame- 
ter of one to the diameter of the other ; if there- 
fore the power be to the weight in the inverfe ratio 
of thofe diameters -, that is to fay, if the power be 
to the weight, as the diameter of the axle to the 
diameter ot the wheel, there will be a balance ; the 
power in that cafe being juft fiifficient to fupport the Exp, ■,. 
weight. For inftance, if the diameter of the wheel 
be five inches, and that of the axle one, a weight 
of one ounce hanging from any point in the cir- 
cumference of the wheel, will fupport a weight of 
five ounces hanging at the axle ; and if the diame- 
ter of the axle be but half an inch, tlien will ten 
ounces at the axle be fupporced by one at the wheel, 
Where the parts of the axle differ in thicknefs, 
if weights be hung at the feveral parts, they may 
be fiiftained by one and the fame power applied to 
the circumference of the wheel, provided the pro- 
du£t arifing from the multiplication of the power 
into the diameter of the wlieel be equal to the 
fum of the produifts arifing from the multiplica- 
tion of the feveral weights into the diameters of 
thofe parts of the axle from which they are fuf- 
pended. Thus a weight of five ounces hanging Exp. 3. 
from the part of an axle whofe diameter is one 
inch, and another of ten ounces from a part whofe 
diameter is half an inch, will be balanced by a 
weight of two ounces hanging from the circumfe- 
rence of the wheel whofe diameter is five inches ; 
for the fum of the products of five into one, and 
of ten into one haU, which cxprefs the moments 
of the weights, is equal to ten, as is alfo the jjro- 
du£t of two into five, which expreiles the moment 
of the power. 

H3 If 
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L E c T. If to the axle in the wheel be added one or nrkM« 
y^' , wheels with teeth, fo that motion may be commu- 
nicated from the firft wli^el to the laft ; the weight 
being hung from the axle of the laft wheel, whilft 
the moving power is applied to the circumference 
of the firlt wheel i in order to a balance, the pow- 
er muft be to the weight in a ratio compounded of 
the inverie ratio of the diameter of the firft wheel 
to the diameter of the laft aitle, and of the inverfc 
ratio of the number of revolutions made by the firft 
wheel, to the number of revolutions made by the 
laft axle in a given time -, for if the firft wheel and 
the laft axle revolved in the fame time, the ratio of 
the diameter of the wheel to that of the axle, would 
exprefs the ratio of the velocity of the power, ti* 
the velocity of the weiglit ■, but if the wheel re- 
volves oftener than the laft axle in a given time, it 
is evident, tliat the ratio of the velocity of the 
power to that of the weight, will be greater in that 
proportion •, confequently, the velocity of the power 
muft be to the velocity of the weight in a ratio 
compounded of the ratio of the diameter of the 
firft wheel to the diameter of the laft axle, and of 
the revolutions of the firft to thofe of the laft axle in 
a given time •, and therefore, that there may be a 
balance between the power and the weight, the for- 
mer muft be to the latter inverfly in the fame com- 

Exp. 9. pounded ratio. For inftance, in a machine con- 
fifling of two wheels with their axles, wherein the 
diameter of the firft wheel is four inches, and that 
of the fecond axle a quarter of an inch, and where- 
in the cogs or teeth of the firft axle, by applying 
themfelves fucceflively to the teeth of the fecond 
wheel, turn it about, and therewith its axle j but 
the teeth of the firft axle being in number but 
one fourth of the teeth of the fecond wheel, that 
axle, and confequently the firft wheel, muft re- 
volve four times in order to turn the fecond wheel 
and its axle once ; fo that, the revolutions of the 

firft 
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firft wheel in a given time are to the revolutions of L e c t. 
the I'econd axle, as four to one: in this machine, ^^^J^- 
in order to a balance, the power muft be to the ^"v-*^ 
weight inverily in a ratio compounded of fixteen to 
one, and of four to one; that is, it muft be to the 
weight inverily as fixty-four to one ; fo that a 
weight of one ounce at the circumference of the 
firft wheel, will fupport a weight of fixty-four 
ounces faftened to the fecond axle. 

Again, in a machine compofed of three axles, Exp. 10. 
the two laft having wheels with teeth, and' the firft 
a perpetual fcrew, which in each revolution of the 
firft axle moves one tooth only of the wheel of the 
Iccond axle ; which wheel having twenty -eight 
teeth, moves round once in the iame time that the 
firft axle turns twenty-eight times ; and there being 
a fmall wheel with fourteen teeth at tlie other end 
of the fecond axle, and thefe teeth applying thcm- 
fclves continually to the teeth of a wheel fixed on 
the third axle, which are twenty-eight in number j 
the wheel of the third axle muft revolve but once 
in the fame time that the wheel of the fccond axle 
revolves twice, and of conftquence the tliird wheel 
and its axle move round but once whilft the firft 
axle performs fifty-fix revolutions ; and the diame- 
ter of the firft axle is to that of the laft as two to 
one ; in order therefore to a balance between the 
power which is applied to the firft axle, and the 
weight which is applied to the laft ; the power muft 
be to the weight inverdy in a ratio compounded of 
two to one, and of fifty-fix to one ; that is, the 

power muft be to the weight as one to an hundred 

and twelve ; fo that one ounce hanging from the 

firft axle will fupport an hundred and twelve ounces 

hanging from the laft axle. 

",i order to exhibit the force of the wedge, 

which is the fifth mechanick power, let AD repre- pi. 3. 

fent the bafe of a wedge, from whofe middle point I"''g- 14. 

B let the line B E be drawn perpendicular to the 
H 4 fide 
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L c c T. fide DC, and the line BC at right angles to AD» 
^^- and confequer.tly, bifefting the angle ACD made 

^''"^"^^by the concourle of the wedge's fides. 

In cleaving timber with a wedge, the force of the 
mallet which ilrikcs the wedge is to be looked up- 
on as the moving power, and the cohefion of the 
parts ot the timber, as the rcliftancc or weight to 
be moved", now, whilft the wedge is driven by the 
repeated ftrokes of the mallet from B to C, (for I 
fuppofe the edge of the wedge to be placed on the 
top of a piece of timber at B in order to rend it) 
the fpace dcfcribed by the wood as it yields on each 
fide of the wedge in lines perpendicular to thofe 
fides, is equal to BE. Confcquenily, that the mo- 
ment of the mailer may be equal lo the rcfiftance of 
the wood, the abfolute force of the mallet muft be 
to the force wherewith the parts of the wood cohere, 
as BE to BC, that is, as the fine of the angle BCD 
to radius 1 whence it follows, that all fimilar wedges 
are of equal force, for in fuch the angle BCD is 
given ; it likewile follows, that the powers of dif. 
fimilar wedges are inverily as the fines of the angles 
BCD, or in other words, that the forces requifite ' 
%o rend timber with fuch wedges, are dircftly as the ' 
fines BE, which is confirmed by the following ex- 
periment, 

fjtp. n. JjCt a machine be fo contrived, as to confift of 
two equal cylinders, rolling upon their axles in an 
horizontal pofition along the edges of two rulers,, 
and let them be drawn and kept together by a 
weight of 2000 grains, hanging freely by a rope, 
faftened at each end to the cylinders, and let the 
edge of a wedge be placed between the cylinders, 
fo as that when a liifficient weight isjuing^to it, it 
may be drawn down between the cylinders ; in this 
* machine the force wherewith the cylinders are drawn 
together, added to the attrition of their axles in 
roHing upon the rulers, may be looked upon as 
;^ refiltar.cc of the timber, and the v,-eight of the 
wedge 
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■wedge together with the appending weight where- L e p 
by it is pulled down between the cylinders, as the VII 
force of the mallet upon the wedge j now, if three '— "^ 
wedges be made ufe of, each three inches long, in 
which the fmes B E are as one, two, and three, their 
weights likewife being in the fame proportion, the 
firll: will be drawn down by a weiglit of 300 grains, 
the fecond by one of 600 grains, and the third by 
one of 900 grains. 

To the wedge may be reduced' the axe or hatchet, 
the teeth of faws, the chizel, the augur, the fpade 
and Ihovel, knives and fwords of all kinds, as alio 
the bodkin and needle, and in a word, all forts of 
inftrumencs which beginning from edges or points 
grow gradually thicker as they lengthen ; and the 
manner wherein the power is applied to fuch inllru- 
ments, is different according to their different: fiiapes 
and figures, and the various ufes for which they 
were contrived. 

The next and laft mechanick power is the 
SCREW, which confifts of two parts, whereof the 
iirft is called the male or outfide fcrew, being a 
cylinder cut in, in fuch fort as to have a prominent 
part going round it in a fpiral manner, which pro- 
minent part is commonly called the thread of the 
fcrew ; the other part which is called the female or 
infide fcrew, and by common workmen the nut, is 
a folid body that contains an hollow cylinder, whofe 
concave furface is cut in the fame manner as the 
convex furface of the male fcrew, fo that the pro- 
minent parts of the one may fit the cavities of the 
pther. The chief defign of this machine is to 
prefs the parts of bodies clofely together, and in 
fome cafes to break and divide them ; when it is 
made ufe of one part is commonly fixed, whilft 
the other is turned round, and in each revolution 
the moveable part is carried in the direftion of the 
axis of the cylinder thro' a Ipacc equal in length to 
ihe interval between two contiguous threads, where- 

■by 
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L I c T. by the parts of the body whereon the prefliire h 
^ J[r*[^ made are forced to move towards one another thrcf 
a fpace equal to chat interval ; which interval there- 
fore does exprefs tlie velocity wherewith the fevend 
parts of the body give way to the preffure, whilft 
the circular periphery, which is dcfcribed by the 
power wliereby the moveable part of the fcrew is 
turned round, expreffes the velocity of the poWfer ; 
for the moveable part of the fcrew is ufually 
turned by means ot an handle or handfpike, to 
fome part of which the poWer is applied, and by 
moving round witli that part defcribes the circum- 
ference of a circle ; if therefore the moving power 
be to the refiftance of the body which is preflfed, as 
the diltance between two contiguous threads of the 
fcrew to the circular peripheiy defcribed by the 

Eower, there will be a balance ; and if the power 
e ever fo little increafed beyond that proportion, it 
muft overcome the refiftance, and move tne fcrew ; 
and thus it would conftantly be, provided there was 
no refiftance from the attrition of the parts of the 
fcrew one againft another -, but as that is very con- 
fiderable, there is an addition of power requifite to 
overcome it, over and above what is neceflary to 
overcome the refiftance of the body whereon the 
preffure is made: for which reafon fuch experi- 
ments as are made to (hew the force of the fcrew, 
muft vary more frorn the theory, than thofe which 
Jiave been made concerning the other mechanick 
powers, wherein the attrition is far lefs confider- 
able ; however, it will appear from the following 
experiment, that fmall powers are fufficient by the 
help of the fcrew to overcome great refiftances in 
the bodies which are prefTed. 
Ixp, 12. Let a wheel whofe diameter is four inches, be 
fixed at its center to the head of a male fcrew in an 
horizontal pofition, and let the end of a rope, 
which is wound about the groove of the wheel, 
pafs over a pulley in fuch a manner as that having 

a weight ' 
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a weight fattened to it, it may be drawn in a line, L e c t. 
that is a tangent to the wheel, by which means the^^^' 
intire gravity of the weight will be employed in 
turning the wheel ; to one end of a lever, fupported 
by a prop at the middle, let a weight of feven pounds 
be hung, and let the bottom of the male fcrew 
reft on the other end of the lever j and let the dif- 
tance between the threads of the fcrew be equal to 
one fifth of in inch, and a weight of three ounces 
and 250 grains being hung to the end of the rope 
which pafies over the pulley, will juft turn the wheel, 
and diereby thruft down the fcrew, and with it the 
end of the lever whereon it refts, and by fo doing 
raife up the weight at the other end. 

In this cafe the power which moves the fcrew, ii 
to the weight raifed whereby the refiftance that h 
made to the preflure is meafured, as one to 24 
nearly 1 whereas it ought not to exceed the propor-i 
tion of one to 63 ; for the diameter of the wheel be- 
ing four inches, the circumference is twelve and an 
half nearly, but 12.5 is to 4> which is the interval 
between the threads of the fcrew, as 624 to one; 
confequenily, if the power which turns the fcrew be 
to the weight that is to be railed in the inverfe ratid 
of thofe numbers, that is, as one to 62^, it ought 
to balance the weight, and if it be increafed ever 
fo little, it fliould overpower and raife the weight: 
fince therefore the force that is requifite to turn the 
wheel is nearly three times as great as what is ne- 
ceflary to overcome the refiftance of the weight to 
be railed, it is evident, that almoft two thirds of 
that force is employed in overcoming the refiftance 
arifing from the attrition of the parts of the fcrew 
one againft another j what the nature of this refift- 
. ance is, and in what proportion it varies, fhall be 
fliewn hereafter. 
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LECTURE VIII. 
Of Compound Engines. 
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^HE mcchanick powers, which for the moll 
___ part are made ufe of feparately, may in ma- 
• ^ny cafcs be combined together, and engines there- 
by formed of fuch efficacy, as that by the help 
thereof exceeding great weights may be raifed by 
very fmall powers. In all fuch compounded ma- 
chines the proportion which the moving power beu3 
to the weight when they balance each other, is 
compounded of the feveral ratios which thofe pow- 
ers have to the weight which balance it in each 
fimple machine, whereof the compounded engine 
confifts. Thus when a machine is compofed of an 
axle in the wheel and a pulley, by faltening the 
drawing rope of the one to the axle of the other i 
the power which balances the weight in fuch a ma- 
chine, mull: be to the weiglit, in a ratio compounded 
of the ratio which that power has to the weight 
which balances it by means of the axle in the wheel 
alone, and of the ratio which that power has to the 
weight, which balances the weight by means of the 
Exp. I. pulley alone. For inrtance, if the nature of the pul- 
ley be fuch, as that a power equal to one tenth part 
of the weight balances it j and if the axle in the wheel 
be fuch, as that a power equal to one fifth part of the 
weight can fupport it ; die power which balances 
the weight in the compounded machine, will be to 
the weight in a ratio compounded of one to ten, and 
of one to five, that is, it will be to the weight as 
pne to fifty ; for, fjnce the weight is in effeft 
fattened to the axle of the wheel by means of the 
rope which goes round the pullies, it is evident 
that the axle will be drawn by a force equal to that, 
which 
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which when applied to the drawing rope of the L e c t. 
pulley is reqiiifite to fuftain the weight by means of ^*^' , 
the pulley, which force is by fuppofltion equal to ^' 
one tenth part of the wei^hti but that force at the 
axle is balanced by a fifth part thereof applied to 
the wheel -, confequently, the power requifite to ba- 
lance the weight in this machine, is equal to one fifth 
of one tenth part of the weight, that is, the power 
is to the weight, as one to fifty. So that one ounce 
at the wheel will fupport fifty ounces at the pulley. 

If a machine be compofed of the lever, the axle, Exp. i. 
and the perpetual fcrew ; the lever being thirteen 
inches long, and fixed at its center to an axle, 
whereon is a perpetual fcrew, the tooth whereof a- 
dapts itfelf to the teeth of the wheel of an axle, the 
teeth of that wheel being twenty-four in number, 
and the diameter of the axle belonging to that 
wheel equal to fix tenths of an inch -, in fuch a ma- 
chine the power being applied to one end of the 
lever, and the weight to the axle of the toothed 
wheel, the former will balance the latter, if it be in 
proportion thereto, as one to 520; for if the lever 
to which the power is applied, moved round in the 
fame time with the axle of the toothed wheel 
whereumo the weight is faftened, the power would 
be to the weight, as the diameter of the axle to the 
length of the lever, that is, as fix tenths of an inch 
to thirteen inches, or in whole numbers, as fix to 
an hundred and thirty ; but as there are 24 teeth 
in the wheel of that axle which fuftains the weight, 
and as the endlefs fcrew moves but one of thofe 
teeth in each revolution of the lever, the lever 
muft go round 24 times in order to turn the axle, 
which fuftains the weight, once ; upon which ac- 
count the power muft be to the weight, as one to 
24, which fdiio of one to 24 being combined with 
the former of fix to 130, gives a ratio of fix to 
;i2o, or of one to 520 ; fo that an ounce weight 
leing /nade to aift with all its gravity at one end of 
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Lb c T. the lever in order to turn it round, which may be 
. ' . done by fixing a wheel to the lever, will balance 4 
weight of 520 ounces at the axle of the tootliaj 
wheel, 

Exp. 3. If to the laft machine one moveable pulley be 
added, it will conftitiice a machine of double th^ 
force 1 for tlie ratio of tlie power to the weight U} 
the foregoing machine, being as one to 520, and ii) 
a fingle moveable pulley, as one to two ; the ruti^ 
compounded of both, will be as one to 1040 j fq 
that in this machine an ounce will balance 86 
pounds 8 ounces -, and if the ftrength of a man's 
hand be fuch, ;is that it can without the affiltance of 
an engine fupport an hundred pounds, it will by 
the help of this machine fuftain 104000 pounds. 

In aU that has been hitherto faid concerning the 
ipechanick powers, the moving force and the 
weight or refiftance have been (uppofed to aft ii) 
diretft oppofitJon to one another. I fhall now con- 
fider the eifeifts of powers afting obliquely, an4 
ftiew in what cafes they balance each other. 

And firft, if three powers afting in oblique dl- 
reftions, be to one another, as the refpeftive fides of 
a triangle formed by the concourfe of three line? 
drawn parallel to the diretftions of the powers j 
thofe powers will balance one another. For in- 
ftance, if three powers drawing the point A in ths 
direftions AB, AC, and AE, be to one another, as 
the fides of the triangle A DE, or ADC, made by 
• the concourfe of the lines AD, A E, and ED j or 
AD, CD, and AC, which lines are parallel to the '' 
direftions of the powers ■, they will balance one ah-: 
other, and the point A will remain unmoved. 

For if the line A D be fuppofed to denote a power 
equal to that which acts in the diredion A B, but 
contrary thereto ; the power denoted by AD will 
draw the point A as forcibly towards D, as it is 
drawn by the oppofite power towards B ; confe- 
quenily, there will be a balance between the two 
powers ; 
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cowers i but the power denoted by AD may beLecr. 
yefolved into two powers denoted by AE or CD, _ Y} ^ 
Sud AC or ED; which two powers aifting to-^"""""^ 
gether upon the point A in their proper direc- 
tions AE and AC, will draw it as lirongly rowards 
D, as it is drawn by the fingle power denoted by 
AD ; as is evident from what has been laid concern- 
ing the refolution and compofition ot motions and 
forces ; confequcntly, two powers wldch are as AE 
or CD, and ED or AC, afting in the direftions 
AEand AC, will balance the third power which 
is as AD afting in the direiflion AB ; that is, two 
powers, which are as the two fides of a triangle, 
afting in direftions parallel to thofe fides will ba- 
lance a third power, which is as the third fide, and 
which adls in a direftion parallel thereto ; and what 
has been thus proved in particular of two of the 
powers with regard to the third, is in like manner 
oemonftrable of any two of the powers with refpeft 
to the other ; confequently, any three powers 
which are to one another refpeiftively as the fides 
of a triangle, and which aft in direftions parallel to 
thole fides, will deftroy each the other's eifeft, and 
remain in aquiUhrio. To confirm this by an expe- 
riment; let the fides of a triangle ABC drawn on PI. 4. 
an horizontal plane be as two, three, and four ; ^'g- *• 
and let C E be parallel to the fide A B, and the fide ""-"P" S" 
AC continued towards D, Let three fmall cords 
be joined together at C, and ftretched over three 
pullies in fiich a manner, as that one of them may 
'cover the line CD, another the line CE, and the 
third the line CB ; this being done, if a weight of 
four ounces be hung to the cord which pafles over 

CD, and one of three ounces to that which covers 
CB, and one of two ounces to that which covers 

CE, there will be a balance ; the weights, which 
in this cafe are the moving forces, being to one 
another as the fides of the triangle to wliich the di- 
redion of the vveights are parallel. 
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L B c T. If the weight A hangs freely from one end of 4 
. ^ _ . balance, (6 as to have it? line of direftion DA pcr- 
pj ^~ pendicular to the arm of the balance -, and if an- 
Fig. 3, 4. other weight as B, be hung at the other end E, in 
Exp. 6. fuch a manner, as that its line of direftion E C by 
pafling over a pulley at C may be oblique to the 
arm of the balance, the weight B muft be to the 
weight A when it counterbalances it, as EC to 
CF, that is, as radius to the fine of the angle 
CEF made by the oblique direftion of B with 
the arm of the balance -, for if the whole force of 
gravity in the weight B afting in the direftion EC, 
be denoted by the line EC, it may be refolved in- 
to two forces denoted by EF and FC, afting in the 
directions of thofe lines, of which two forces, the 
latter only which aifts in the direftion FC perpendi- 
cular to the arm of the balance withrtands the force 
of gravity in the weight A, the other force which 
afts in the direftion EF being entirely employed in 
prefling the balance againft the axis of its motion ; 
fince therefore, that part of the weight B which 
afts in oppofition to the weight A, is to the whole 
weight B, as FC to EC ', it is manifeft, that in or- 
der to make the weight B balance the weight A, it 
muft exceed the weight A in the fame proportion 
that the line EC exceeds the line FC ; and thus 
it is found to be from experiments ; for if the pul- 
ley be fo ordered as that EC may be to FG as 
three to two, then a weight of three ounces ap- 
pended at E, will balance one of two ounces ap- 
pended at D. 

As a COROLLARY it follows, that the perpendi- 
cular diftances of the lines of direftion from the 
center of motion, are to one another inverfly as the 
weights -, for, if from G the center of motion be 
let fall GH perpendicular to EC, that line will be 
the perpendicular diftance of the direftion EC fronl 
G; and EG, equal to DG, 15 the perpendicular 
diftance of the direftion DA; but the triangles 
EEC , 
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EFC and EHG are fimilar, becaufe their angles L 5 c t. 
at E are equal, and they have each a right angle ; ^^'j^'^ 
coniequently, ,as EC is to CF, fo is EG to HG j 
but the weight B is to tlie weight A, as EC to PC, 
that is, as E G or D G to H G i fo that wherever two 
powers, which aifl: in oblique direftions, are to one 
another in the inverfe mlio of the perpendicular or 
fliorteft diftances of their lines of diretUon from the 
center of motion, they mufl: balance one another ; 
whence it follows, that if two weights as A and B, PI, 4. 
be fiifpended from two points as D and E in the F'g- S- 
plane of a wheel placed in a vertical polition ; and 
if the line D E which is drawn thro' the two points 
of fufpenfion, paites thro' C the center of motion, 
the weights will balance, provided they be to one 
another inverfly as the diftances of their points of 
fufpenfion from the center of motion, that is, if A 
be to B, as C E to C D ; for fincc the weights hang 
freely, their lines of direftion DA and FB, will 
be perpendicular to the horizon, and of confequence, 
parallel to each other ; wherefore, ifchelineHCF 
be drawn thro' the center of motion perpendicular 
to the two lines DA and FB, the triangles DHC 
and ECF will be fimilar, confequently, DC will 
be to EC, as HC to FC ■, but by fuppofition, the 
weight A is to the weight B, as CE to CD ; thac 
is, as CF to CH 1 fo thac the weights arc to one 
another inverfly as the perpendicular diilances of 
their lines of direiftion from the center of motion) 
confequently, they mull balance -, and tho' the 
wheel (hould be turned upon its axis, and the dif- 
tances ' of the lines D A and E B from C be thereby 
altered, yet will the fimilarity of the forementioned 
triangles continue, and of confequence the balance 
between the weights will be preferved ; as will ap- 
pear from the following experiment. Let a weight Exp. 7. 
©f one ounce be fufpended from the point D, and 
'another of two ounces from the point E; DC be- 

I tag 
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L I c T. jng to EC, as two to one, that is, invcrfly as xht 
^P ^- weights, there will be a balance, and the wheel 

^'"^"■"'will continue at reft. And if by the force of the 
hand it be turned about its axis either to the right 
from I towards K, or to the left towards M, the 
balance will ftill continue, and the wheel will re- 
main unmoved when the hand quits it, whatever" 
be its pofition. 
P1- 4- If the points of fufpenfion D and E be lb po- 

Fi2- 6- fited, as that the right line DE which joins them, 
docs not pafs thro' C the center of motion -, let that 
line be divided any where as in G by another line 
as IL pafTing thro' the center C, and there will be 
e. balance, if the appending weights be to one ano- 
ther invcrfly as the parts ot the line DE, that is, if 
A be to B as EG to DG, provided the pofition of 
the wheel be fuch, as that the line IL may be per- 
pendicular to the horizon; forfincethe lines EF, 
G C, and D H are parallel, F C is to H C, as E G to 
DGi but by fuppofiiion, as EG is to DG, fo is 
A to B 1 wherefore A is to K, as FC to HC, that 
13, the weights are inverfly as the perpendicular dif- 
tances of their lines of direction from the center of 
motion, confequently, their moments are equal ; but 
H" by turning the wheel about its axis the line IL 
be put out of its perpendicular pofition, the ba- 
lance will be deftroyed -, bccaufe, in that cafe, one , 
of the lines of dircftion will approach nearer to 
the center of motion, whilft the other recedes ■, and 
of courle their perpendicular diftances will not 
continue in the inverfe ratio of the weights -, for if 
the wheel be moved upon its axis from I towards K, 
foas to have the line SCR perpendicular to the plane 
of the horizon ; the line of direiftion D A will ap- 
proach tov^ards the center fo as to become D P, and 
Its perpendicular diftance from the center of moti- 
on will be NC, whilft the other line of direftiorf 
recedes as far as EQ^ and its perpendicular diftance 

from, 
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from C becomes equal to OC; for which reifon Le ct. 
the weight B muft preponderate, and move the, . ^?^! j 
■wheel about its axis in the diredlion IKL. And 
as the v/heel continues to move in that direfiion, 
the direi5tion of the weight A will approach nearer 
find nearer to the center of motion, and at length 
pais beyond it, fo as to be on the fame lide with 
the dircftion of the weight B ; fo that the wheel 
"will then be moved by the joint forre of both 
weights, and continue fo to be, till fuch time as 
the direction of the weight B getting on the other 
lide of C, B begins to aft in oppofition to A, and 
at length the point I being brought into the place 
xj£ L, the weights do again balance each other, 
the line BE being divided by the perpendicular 
4ine I L in the reciprocal ratio of the weights. To 
confirm what has been faid by an experiment, let E'^* *• 
the line DE in the plane of a wheel be divided in 
G by the line IL in fuch a manner, as that DG 
may be double of EG; then fetting the line IL 
perpendicular, let a weight of one ounce be hung 
from D, and another of two ounces from E, and 
the wheel will remain unmoved ; let then the wheel 
be turned a little upon its axis, either to the right 
hand or to the left -, in the former cafe, the two 
ounce weight will prevail, and carry the wheel 
downward to the right hand, but in the latter the 
fmailer weight will preponderate, and make the 
wheel to revolve towards the left. 

If the line D E be divided in another point as T, E*P' 9- 
by the line SR, fo as that D T may be one third of 
ETi and if a weight of three ounces be fufpended 
at D, and another of one ounce at E, the fame 
things will happen as in the former experiment ; 
for the line SR being placed verncal there will be 
a balance ; and upon moving it out of that pofiti- 
on the balance will be dellroyed. 

If the crooked lever FCD be fo placed on its ?!■ 4- 

prop at C, as that the arm C F may be parallel to ^'^' 7" 

I 2 the 
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the plane ot' the horizon, and the arm CD inclined 
thereto; if two weights as B and A, appended at 
D and F, be in the reciprocal proportion of the 
perpendicular diftances ot their lines of direftion 
from the prop ; that is, if B be to A as F C to E C 
there will be a balance ; for as long as the arm CF 
continues parallel to the horizon, the weight B hang< 
ing from the point D atts in the fame manner in 
oppofition to the weight A, as if it hung from E 
the extremity of the ftrait lever FC continued on 
to E, in which cafe the weight B that balances the 
weight A mull bear the fame proportion to it that 
FC does to EC v if therefore the arm DC be bene 
in fuch a manner, as that EC may be one half or 
one third of F C, in the former cafe a weight of two 
ounces, and in the latter one of three ounces hang- 
ing from D, will be counterpoiled by one ounce 
hanging from F. 

It by moving the lever, the arm FC be put out 
of its parallel pofition, the balance will be deftroy- 
ed i for that cannot be prefcrved, unlefs the dif- 
tance of B's diredion from the prop condnues to 
bear the fame proportion to the diftance of A's di- 
reftion, that EC does to FC ; which in this cafe is 
impollible ; for firft, if the point F be moved up- 
ward towards H, and of courfe the point D down- 
ward towards G, it is manifeft, that the diftances 
of both direftions will be leffened ; but the decreafe 
of EC in a given time will bear a greater propor- 
tion to the decreafe of FC than EC does to FC ; 
for by that time the point D has moved from D ro 
G thro' the arch DG, which meafures the angle of 
CD's inchnation, EC will vanifti ■, whereas FC 
cannot vanilh till fuch time as the point Fhas moved 
from F to M thro' the quadrantal arch F M -, but in 
the fame time that the point D moves from D to 
G thro' the arch DG, the point F can move only 
from F to H thro' the arch FH fimilar to DG ; 
which arch being always lefs than the quadrant, the 
perpen- 



Of oblique POWERS. 123 

perpendicular diftanceofA's direction from the prop, L e ct. 
to wit F C, will not vanifli upon the arrival of the . _ £• -, 
point F at H, that is, it will not vanilh fo foon as ~''^~^-' 
EC -, confeqiiently, the decreafe of EC in a given 
time miift bear a greater proportion to the decreafe 
of FC, than EC does to FC : wherefore EC as 
diminifhed in any given time, will be to FC as 
diniinifhed in the fame time, in a lefs proportion 
than that of EC to FC ; or in other words, the 
perpendicular diftance of B's direction from the 

■ prop will bear a lefs proportion to the perpendicu- 
lar diftance of A's direftion, than EC does to FC ; 
and therefore, t!ie weight A will preponderate. If 
the point F be moved downward, and confequently 
D upward, it is manifeft from the infpeftion of the 
figure, that the diftance of A's direftion from the 
prop continually diminifhes, at the fame time that 
t^e diftance of B's direftion increafes ; and there- 
fore the weight B muft in that cafe overbalance, 
the weight A. 

IfF'CD be a crooked lever placed as the laft, Pj. +• 
and if a weight, inftead of being hung froin the '''£•'*■ 
arm DC, be laid thereon at D, and by a vertical 
plane, as HK, fet dole to ir, be hindered from 
falling offi from the point D whereon the weight 
refts, let the line D E be drawn perpendicular to the 
arm FC continued on towards G -, the weight at D 
will be balanced by the weight A hanging freely. 
from F, provided the weight D be to the weight 
A, in a ratio compounded of EC to CD, and of 
FC to C D i that is, as a re^iangle under EC and 
FC the perpendicular diftances of the direftions of 
the two weights from the prop, to the fqu^tre of 
CD the inclined arm of the lever. For whatever 
be the moment wherewith the weight A prefT&s 
down the arm FC, the arm DC muft with an 

' equal moment be prefTed upward, and with it the 
weight iy in the direiSion DG perpendicular to 

L' I3 CD; _ 
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Lect. CDi and foraihiuch as thdamewekht preCrespcTi 
^Y^' pcndicularly againft HK the venicalpUne, it muft 
'^'y^^ be prcflcd backward by the fame in an horizontal 
direction i and at the lame lime it rauft have a ten- 
dency downward from the firce of gravity in th^ 
direction ED i fo that it isafted upon oy three forces 
in the dircftions DG, GE and E0 1 in orde^ 
therefore to a balance, the forces miiit Lv as th^ 
fides of the triangle DGE ; and the force of gravity 
which prelTes it in the direction ED, muft: be to the 
force pruning it in the dirciftion DG, as ED ta 
pG, or, becaufe the triangles DGE and CDS 
are ftmiiiir, as EC to CD i but as tJie force whicK 
preffes it m the diredion DG is of equal momeni; 
witli the wcii^ht A, that force mutt be to the we^ht 
A, as EC to CD I confequently, the force of grii 
' vity in the weight D muft be to the force of gra^ 
yity in the weight A, that h, the weight D muIi be 
to the weight A, in a ralio compounded of EC td 
C D, and of C F to C D, or as the reftangle under 
CE and CF to the fquare of CD. To confirm 
fxp. lo. thU by e::periment, let a crooked lever as EC Q 
confift of equal irma, and let it be bent in fuch ^ 
manner, as that EC may be to C D, as one to twow 
and let a weight of one ounce be laid on at D, atuf 
another of two ounces be huiig from I-', and they 
will balance each other ; for in this cafe the pro-, 
duift of EC which is as one, into CF which is ai 
two, will be two i and C D being as two, the fquaiQ 
thixeof will be four ; fo that the rectangle undw 
EC and CF, is to the fquare of CD, as two t» 
four, or as one to two ; in which proportion there-i 
fore the balancing weights mull be. 
Exp. n. AH things remMning as in the laft experimentj 
excepting that the arm CF is as long again as CD, 
fo that EC, CD, and CF are as one, two, and. 
four 1 a weight of one ounce at D will be balanced/ 
by one ounce hanging freely from F ; for CD be- 

ipf 
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ing as two, its fcjuare is four j and the produft of L b c t. 
EC, which is as one into FC, which is as four, is . ^^{^ 
likewife four. 

in wheels turned by the force of water falling Exp. i x. 
upon them from an iie^ht, and which on that ac- 
count are commonly called overfhot wheels, the 
moving power is partly the percuiTive force of the 
water which falls into the uppermoft bucket, and 
partly the gravity of the water contained in the 
othcF bucicets, which are lodged on the rim of the 
uppermoft quarter of the dclcendjng part ot the 
wheel J and the effefts which thcfe forces have Uf>- 
on the wheel are greater or lefs in proportion to their 
al^otute quantities, and the dillances of their lines 
of dire<^ion from the center of the wheel. Thus, 
where AIOP reprefcnts an overlhot wheel, C its ?!■ 4- 
center, K, L, M, N four buckets fixed on the up- ^'S- 9- 
permoft quarter of the defcending part of the wheel ; 
AB the diredion of the water flowing into the up- 
permoft bucket K, CB the perpendicular diftance 
of that line from the center C ; DE, FG, and HI, 
the lines of direcl:ion of the centers of gravity o£ 
the ieveral portions of water contained in the buc- 
kets L, M, N-, CE, CG, and CI, the perpen- 
dicular diltances of thofc liD« from the center Cv 
The force of the water flowing into K is propor- 
tional to the quantity flowing in in a given time, as 
alto to the velocity wherewith it flows, and the diir 
tance of its line' of direi5tion from the center 1 and 
therefore, where the quantity and velocity are given,; 
che force will be as BC the perpendicular diltance- 
of AB the line of direction, from C the center of 
motion ; confequently, the nearer A B approaches ta 
the tangent in the point A, or the more obliquely 
the water flows in upon the wheel, the greater will 
ifs force be. The portions of water contained in 
t-he buckets L, M, N, have different forces accord- 
ing to their different quantities, and the different 
diftancea of tlieir lines of dircftion from the cen- 
1 4 ter 
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L B c T. ter C, their quantities being grcatcft, when the di& 
Y^^j' tances of their dircdlions are Icaft, for the buckets 
" ' ■ empty as they defcend •, fo that their force leiSens as 
they defcend^ by reafon of the diminution of their 
quantities, but at the fame time it likewife increaies 
on account of the increafe of the diftance of their 
lines of dircftion from the center of motion; fo 
that upon the whole, the force in each bucket may 
be looked upon as invariable ; but whether this be 
fo or not, certain it is, that if the wheel be truly 
centered, and the buckets be equal and alike, and 
if the water flov/s in uniformly, the whole moving 
force muft continue the fame as long as the wheel 
continues to move •, and fince it afts inceflantly^ 
the motion of the wheel muft be continually acce- 
lerated, and that uniformly ; and thus it would 
be, were it not that when the wheel arrives at a cer- 
tain degree of velocity, the refiftance which is gi- 
ven becomes fo great as to dcftroy the increments 
of motion as fall as they are generated by , the 
moving force ; by which means the wheel is made 
to rpvolve with one uniform velocity, which is the 
greateft that can be given it by that moving 
power. 
PK 4. A plane as A B placed obliquely to B C, which 
Fig. 10. reprefents an horizontal plane, is called an inclined 
plane ; the angle A B C is called the angle of eleva- 
tion, and its complement BAC the angle of incli- 
nation ; the line AC perpendicular to BC is called 
the height of the plane, and A B its length. If a 
weight as P be laid on an inclined plane as AB, and 
be thereon fuftained by a power afting in a direftion, 
as PF, parallel to the inclined plane-, in order to a 
balance, the fuftaining power nipft be to the weight 
as the height of the pilane to the length thei*eof, 
that is, as A e to A B, or, putting B A for the radius, 
as the fine of the angle of elevation to radius ; for 
the weight 1? is adled upon by three powers in dif- 
ferent dircftions, the firft of which is the force of 

gravity. 
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gravitj', whicK prefles it downward in the direction I 
PD perpendicular to BC; the fecond is the power 
which draws it in the direftion PF parallel to B A ; 
and the third is the plane B A, which does as it were 
prefs it upward in the direction PH perpendicular 
to B A -, for as the weight P prefles the plane in a 
direftion perpendicular thereto, it is rea(5led upon 
by the plane in a contrary direftion. If therefore 
the line EG be drawn parallel to PD, the fides of 
the triangle PEG will be proportional to the three 
powers, and the force which iupports the weight on 
the inclined plane, and which afts in the direction 
P F, will be to the abfoliite weight of the body aft- 
ing in the direction PD parallel to GE, as PG to 
GE i but inafmuch as the triangles PEG and CBA 
are fimilar, as PG is to GE, fo is AC to AB j 
confequently, the power neceflary to fupport a 
weight on an inclined plane muft bear the fame pro- 
portion to the weight fuftained, that the height of 
the plane does to its length ; which is confirmed by 
experiments-, for if a weight of four ounces be laid Exp. 13. 
on a plane whofe length is to its perpendicular 
height, as two to one, it will be counterbalanced 
by a weight of two ounces, provided the whole gra- 
vity thereof be made to aft in drawing the other 
weight in a direftioii parallel to the inclined plane, 
which may be done by faftening one end of a cord 
to the greater Weight, and then itretching the cord 
along the plane. To a.? to keep it parallel thereto, 
and pafting it over a piiiit) at the top of the plane j 
for the fmaller weight being tied to the end of the 
cord which ties beyond the pulley will hang freely, 
and for that reafon aft with .all its gravity in a di- 
reftion parallel to the plane. 

The fame weight of four ounces being laid on gxp, u. 
fui inclined plane, whofe length is to its height as 
four to one, will be fuilained by a weight of one 
punce hanging freely as before. 

The 
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Lbct. The force wherewith a body retting on an tOr 
. _ _ . dined plane prefles the lame, is to the weight of the 
~*"" body, a& the fine of the angle of intliDation to ra- 
dius -, for in the triangle PEG, PE denotes ijie 
ioTct wherewith the body prcffes the plane, ijid GE 
the weight of tlic body ; but from the fimilarity of 
(he trianfjcs, as PE is to G E, lb is BC to BA i and 
putting BA for die radium, BC is the fine of BAC the 
angle uf inclination-, wli-jrefore a'i BC the line of 
the inclination is to the raditis AB, lb is the tbrce 
whertwuh the body preffes tl.i: plane to the abfolute 
^■4- weightof the body. Hence, it upt>nanii«^hne<i Icvct " 
'£■ "• asAB, reftingofl the two props A and B, a weight be 
laid any where as at P, it will be eafy to determine 
vhat proponion of the weight each prop bears 5 
for drawing the horizontal line A E •-i\u3.\ in length 
(o AB, and from tlte point P whereon die weight 
itrfts ktting fall PD perpendicular to AE, if AJE 
be fuppolcd to denote die whole weiglit ot the body, 
AD will denote that part uf it which is fultainett 
by the uppernxift prop, and DE that part which 
is fupported by the lower ; fur if the lever was ho^ 
rizoAtaJ, fo as that the body might prcts it with aU its 
gravity, the whole weight of the botly would be coi 
that part of it which prefles the prop B, as BA to 
PA, as is evident from what has been faid concern- 
ing the fecond kind of lever ■, but as in the inclined. 
pofitioa of tht: lever the whole we^u of the body) 
does not prefs upon it, that part of the weiglit, 
which the prop B fuHains in ihc horizontal pofition,; 
, muft be to the part fuftained in the inclined pofition,i 
in the fame proportion with the abfolute weight of 
the body to the force wherewith it prefles the in- 
clined plane, that is, as PA to AD ; for putting. 
PA for the radius, A D is the fine of the inclination 
of the lever ; confequemly, the whole weight of 
the body muft be to that part which prefles on the 
prop B in the inclined pofition of the lever, in a ralto 
compounded 
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compounded of BA to PA, and c^ PA to AD, 
that is, it muft be as B A to AD, or becaufe AB 
and AE are equal, as AE to AD ; and of confc- 
quence the pan fupported by the other prop A muft 
be as DE. 

Hence it follows, that if two perfons carry a 
load fixed Upon a lever, the load being placed be- 
tween them, which is the cafe of chairmen, upon 
defcents the foremoft man will bear the greateft 
burthen, and upon afcenis the hindermoft. It likc- 
wifc follows, tliat in coaches and all other four- 
wheel carriages, which have the foremoft wheels 
foaiier than thofe behind, the load muft be thrown 
more upon the former than the latter ; what efFedl 
this has upon the draft, ftuU be Oiewa ia my ucxx 
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JN my laft lefture I (hewed you what force is ^ ^ ^ ■*■• 
requifire to fuftain a body on an inclined plane. ^___™^, 
a body be laid on a plane parallel to the horizon, 
it does not ftand in need of any force to fuppott 
it ; for as the riireiftion of gravity is perpendicular 
to the plane of the horizon, the whole weight of the 
body muft be fuftaincd by the horizontal plane 
whereon it refts : whence it follows, that if any 
power endeavours to move a body refting on an 
horizontal plane in a direction parallel to the plane, 
it will meet with no refiftance from the weight of the 
body, thnt being ijitirely taken off by the reaftion of 
the plane whereon the body preffes ■, but a refiftance 
will arife from the attrition of the body againft 
the plane ; for the furfaccs of all bodies whatever, 
even fuch as are of the fineft polifh, being in Jbme 
pieafure rough and unequal, (as ia evident from the 
2 obfer^ 
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BCT. obfcp/'ations thathave been made by the help of 
^^- microfcopes (when a body is moved upon a plane, 
"^'""'"^ the prominent parts both of the body and plane 
rnult of nccefTiCy fall into each otJicrs cavities, and 
thereby create a refiftance to the motion of the bo- 
dy, inafmuch as the body cannot be moved unlefs 
the prominent parts thereof be continually raifed 
above the prominent parts of the furtace whereon 
it Aides 1 and this cannot be done unlefs the whole 
body be at the fame time lifted up, and as it were 
raifed on an inclined plane equal in height to the 
forementioned protuberant parts ; upon which ac- 
count the moving power muft fuftain fome part of 
the weight of the body, even in moving it along an 
horizontal plane. But as this is occafioned by the 
inequalities in the furface, if thofe were intircly ta- 
ken off, fo as to leave the furface perfedly fmooch 
and even, the refiftance arifing from fritftion would 
likewife be removed 1 and letting afide the refift- 
ance of the medium, the fmalleft force would be 
fufficient to move the moft ponderous body along 
an horizontal plane. But fince there are not in na-. 
ture any bodies, whofe furfaces arc pcrfcftly equal, 
there will ever be fome refiftance arifing from fricti- 
ott-, which refiftance will remain unvaried, what- 
ever be the magnitude of the furfaces that rub one 
againft the other, provided the weight which preffes 
thofe furfaces together, as alio the roughnefs of 
the furfaces, continue the fame -, for the fame weight 
will ever require the fame force to raife it over pro- 
minencies of a given height, whatever be the mag- 
nitude of the mrface whereon the weight refts ■, 
confequently, the quantity of refiftance will 'not b? 
vancd by v.irj'ing the magnitude of the furtace; 
which may be confirmed by the following experi- 
trtcnt. Let four pieces of polifhed box be laid on 
a polilhetl horizontal plane, and let each piece be 
fb loaded as that its own weight, together with that 

r of 
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of its load, may be 6685 grains, and let the bafis of L b c t. 
one be two inches long, and Jialf an Inch broad, "^• 
and ihofeof the other three be each four inches in ^'•"'-^ 
length, but let their breadths be half an inch, an 
inch, and an inch and an half, fo that the magni- 
tudes of the bafes may be as one, two, four, and 

_ fix ; let then a fmall cord be faftened to the end of 
each piece, and by paiTing over a pulley, be kept in 
a pofition parallel to the plane, and a weight of 
2030 grains hanging from the end of the cord 
which lies beyond the pulley, will jufl fuffice to 
move each piece along the plane ; fo that the refift- 

.ance arifing from friftion is the fame in each piece, 

- notwilhftanding the dilferent magnitudes of the 
furfaces whereon they reft. 

If the roughnefs of the furfaces whereon the bo- Exp. a. 
dies move be given, the refiftance arifing from fric- 
tion wiil vary with the weights of the bodies, and 
be propoitional thereto; for if a certain force be' 
fufEcient to raife a certain weight over prominences 
of a given height, it is manifeft that a double or 
triple weight will require a double or triple force 
to raife it to the fame height. If therefore the 
pieces of box be fo loaded, as that each of them 
with its load may weigh 13370 grains, that is, as 
much again as in the lall: experiment, a weight of 
4060 grains, that is, twice as much as before, will 
be necefiary to move them along the fame plane. 

If the roughnefs of the furfacc whereon a body 
moves be increafcd, the refiftance will likewife in- 

-creafe tho' the weight of the body remains the 
fame ; but as the degree of roughnefs in any fur- 
face cannot otherwife be determined than by expe- 
riment, fo neither can the refiftance arifing there- 
from : if the plane made ufe of in the laft experi- Exp. 3. 
ments be thinly covered with fine fand, the refift- 

■ance will thereby become greater in the proportion 
of about five to four ; for the fame pieces of box 
which were fet a going by 2030 grains when the 
plane 
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■ plane was free from fand, will in this cafe requifc 
2500 grains, that is, about ore fourth more. 

To avoid as much as poffiblc the rcfillance arif- 
ing from friftion, which in rough and uneven 
roads muft needs be very grtat, wheel car- 
riages have been contrived ; the advantages 
whereof I Ihall endeavour to explain to you, but I 
fhall firlt ihew you from what caufe it is that wheels 
turn round during their progrttTive motion along a 
plane. If a wheel as ACB playing freely on the 
axis at A, be lifted off the plane BD by a power 
applied to tlie axle, and be carried in any direAion 
whatever, it will not revolve about the axle t for 
fince in all wheels that are truly made the axle 
palTes thro' the center of gravity, it is evident, that 
in this cafe the wheel is fufpcndcd by its center of 
gravity, and of conlcquence will not of idelf 
change Its pofition, but each point thereof will de- 
fcribc a line parallel to the direftion q£ the moving 
power without any rotation about the axle, in the 
very fame manner as if the wheel was fixed to the 
axle ; but if one point of tlie wheel as B refts upon 
the plane BD, and if a power applied to the axle 
draws the wheel in any direction as AP, fo as o> 
move it along the plane B D ; the motion of the 
point B will be retarded by the rcliftance anting 
irom friftion, whilft the point C which meets with 
no refutance is carried forward without any retar- 
dation of its motion, and confequently mult move 
forward falter than the point B ; but as all the parts 
of the wheel cohere, the point C cannot move for- 
ward fafter than the point B, unlefs the wheel re- 
volves about its axis from C towards E -, and as the 
feveral points of the wheel's circumference, which 
are fucceffivety applied to the plane, fuffer a retar- 
dation in tiieir motion whilft the oppofite points 
move freely, the wheel during its progrellive moti- 
on along the plane, muft continue to revolve about 
its axle. 

By 
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By this rotation of wheels about their axles, the Leer. 
refiftance arifing from friftion is very much dimi- ^^ 
niflied, and drafts thereby rendered more eafy ; for ~^ ■ 
in plain roads, where the height of the prominent 
part is inconfiderable with refpeft to the diameter 
of the wheel -, the parts of the revolving wheel 
which apply themfelves fuccelfively to the road, 
may be looked upon in fome mcafure as defcending 
upon the minute prominencies, and of courle muft 
pafs over them without any confiderablc friftion. 
And fo much is the refiftance arifing from friftion 
diminifhed in wheel carriages, that if upon the fame Exp. 4. 
plane whereon the pieces of box were drawn* a car- 
riage be laid with four equal wheels, each three 
quarters of an inch in diameter, and loaded in fuch 
a manner, as that the weight of the carriage and 
load may amount to 6685 grains, which was the 
weight of each piece of box with its load ; it will 
be fct a going by a weight of 420 grains drawing 
it horizontally, whereas 2030 grains were reqiiifite 
to move the pieces of box along the fame plane. 

From this experiment it appears, that the frifti- 
on is very much Icficned by means of wheels ; which 
diminution is not to be attributed to the wheel's ' 
touching the plane in a few points, as may pofiibly 
be imagined, but to the rotation of the wheels 1 for 
if the wheels of a carriage loaded as before be made 
faft to the axle, fo as not to revolve in their motion, Ejcd. c. 
2030 grains will be necefTary to fet the carriage a 
going, that is, juft as much as was requifite to move 
the pieces of box. 

As wheel carriages in general meet with lefs re- 
fiftance in their motion than any other, fo thofe of 
larger wheels, c/eteris paribus, are lefs refifted than 
thofe of fmaller ; for the proof whereof, it will be 
neceffary to premife two lemmas ; the firft of 
which is, thai the fecants of angks are to one another 
inverjly as the fines of their compleinentSy that is, A D, PI. 4. 
vsbichis the fecant of BAD, is to AC, which is the F'2- '3- 
fecant 
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L K c T. fecant of BAC, as AF, '■ivbieh is the fint of the eom- 

\J^"flmenl of BAC, ts AH, ybiib is ihcfm of the com- 

^""^^""^ plemenl of BAD. For trom the nature of fimilar 

triangles AD is to AC, as A E to A K, that is, as 

AE to AGi but AE is to AG, as AF to AHj 

confequendy, AD is to AC, as A F to AH. 

The fecond lemma is, ihal if two arches ef «»- 
equal circles have their verfd fines e^ual, the arch of 
the leffer circle is greater in proportion to the whole 
periphery, than the arch of the greater circle \ or itt 
other words, the angle meafured hy the arch of the 
leffer circle, is greater than the angle meafured /y tbt 
PI- 4- arch of the greater circle. Let H F and D B be two 
S- '4- arches of unequal circles, whofe verfed fines FG 
and BC are equal; I fay, the angle HEF is greater 
than the angle BAD; for fince EF is leis than AB, 
and GF and CB are equal, EF is to GF in a lefs 
proportion than AB to CB; confequently, EG is 
to EF in a Ids proportion than AC to AB, that is, 
the fine of the angle G H E is lefs than the fine of 
the angle CD A, and of courle the angle GHE is 
lefs than the angle C D A ; confequently, the angle 
HEG, which is the complement of the leiTer angi? 
GHE, is greater than the angle D A C, which is the 
complement of the greater angle CD A. 
PI. 4. Thefc two LEMMAS being prcmifed, let HM 

fig- 15- reprefent a plane whereon move the two wheels 
ABH and KLR, which are of different magni- 
tudes, but equal in weight, and let BC and LM be 
two obilacles of equal heights, and of fuch a na- 
ture as that the wheels cannot otherwile pafs than 
by fuj-mounting thofe obfl:acles ; the force requifite 
to draw the larger wheel over the obftacle BC, is lels 
than what is requifite to draw the lefier wheel over 
the obftacle L M equal in height to the former ; for 
fince the wheels revolve in paffing over liie points B 
and L, their centers of gravity A and K may be 
looked upon as revolving about the fixed points B 
and L, and defcribing the arches AF and KP; 
confequently. 
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confequently, the forces which move the wheels Lect. 
may be looked upon as drawing them upon inclined '^• 
planes, whofedircftions coincide with tlie direiftions ^"^'""^ 
of the curves in the points A and K, that is, they 
coincide with the tangents A E and KOj which 
tangents being parallel to the tangents of the wheels 
in the points B and L, that is to fay, to D B and 
NL -, the centers of gravity of the two wheels, and 
confeqnently, the wheels ihcmfelves may be looked 
opon as drawn up the inclined planes D B and NL j 
but fince the wheels are fnppofed to be equal iij 
weight, the forces which fupport tfiem on the in- 
clined planes DB and NL, the height whereof is 
given, muft be to one another inverfly as the 
lengths of the planes ; that is, the force which fup- 
ports the larger wheel on the plane DB, muft be to 
the force fupporting the fmaller wheel on the plane 
NL, as NL to DB; that is, putting BC or LM 
for the radius, as the fecant of the angle NLMto 
the fecant of the angle D BC ■, or, becaufe KS and 
LM, as alfo A I and BC are parallel, as the 
fecant of the angle KSL to the fecant of the 
angle A I B ; but, from the nature of fimilar 
triangles, the angle KSL is equal to the angle 
K L Q^ as is alfo the angle A I B to the angle A B G -, 
and therefore tlie force wjiicli fuftains the greater , 

wheel on the inclined plane D B, is to the force fuf- 
taining the lelTer wheel on the inclined plane NL, 
as the fecant of the angle KLQ^to the fecant of the" 
angle ABGi but, by the Er& Lemma, the fecant 
of KLQ^is to the fecant of ABG, as the fine of 
BAG to the fine of LKQ^; and, by the fecond 
Lemma, the fine of BAG is lefs than the fine of 
LKQ^i' confequently, the force which raifes the 
greater wheel over the obilacle B C, is lefs than the 
Kjrce which raifes the lelfer wheel over the obftacle 
i.M equal in height to the former ; but the forces 
rcquifite t6 make tiie wheels furmount the obftacles 
lUe the mcafures of the refiftances, and therefore, 
K caieris 
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htcT. c^lerii piiril/usy the greater wheel muft meet with 
I'f- lefs refiltance from the fame obftacle than the 
*"^^^^^ fmaller. To confirm this by an experiment, let 
' an obftacle one tenth of an inch in height be fixed 
on an horizontal plane, and clofe behind it let there 
be placed the carriage with four equal wheels, each 
three quarters of an inch in diameter, and if it be 
loaded in fuch a manner as that the weight of the 
carriage and load may amount to 6685 grains, it 
will not be raifed above the obftacle by lefs than 
2850 grains drawing it in a direftion parallel to th& 
plane ; whereas if four wheels, each an inch and 
an half in diameter, be fitted to the fame carriage, 
the weight of the whole being the fame as before, 
it will be raifed above the obftacle by 2050 grains, 
that is, by 800 grains lefs than were requifite t» 
raife it with the fmaller wheels. 

From this experiment it appears, that the refift- 
ance which larger wheels meet with in furmounting 
obftacles, is lefs than the refiftance given to fmaller 
wheels by the fame obftacles ; and from what has 
been demonftrated it is evident, that the refiftance 
given to the greater wheel is to the refiftance given 
to the fmaller, as the fine of an angle meafured by 
an arch of the greater wheel, to the fine of an 
angle meafured by an arch of the fmaller wheel, 
the verted fine of each angle being equal to the 
height of the obftacle 1 fo that putting R and r for 
t;hc radii of the two wheels, and x for the verfed line 
or the height of the obftacle, it follows from the 

V 2 R X XX 

nature of the circle, that as 5 is to 

V 2rx xx ^ j-g jg jIjp refiltance given to the larger 

r 
wheel to the refiftance given to the fm aller, or di- 
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proportion of thefe fines is not fixed, but varies with L e c t, 
the height of the obftacle, fo likewife muft the pro- ^^^| 
portion, which the refiltance given to the greater '"•" 
wheel bears to the refinance given to the fmalleri 
and all that can be determined in this cafe is, that 
larger wheels ever meet with lefs refiftance in fur- 
mouncing obftacles than fmaller ; and that the dif- 
proporcion between the refiftances fufFered by each 
■wheel, increafcs with the height of the obftacle. 
Indeed where the obftacle vaniflies, which is the 
cafe when wheels move upon planes, the expreflions 
for the refiftances, and confequently the refiftances 

I I 

themfelves, are as ~7W and v—, that is, the refift- 
ances are inverfly as the fquare roots of the femi- 
diameters of the wheels i lb that where the heights 
of the wheels are as one and two, the forces re- 
quifite to draw them along the fame horizontal 
plane, are as fourteen and ten, that is, inverfiy as 
the fquare roots of one and two, which is confirmed 
by experiments ; for whereas the carriage whofe 
wheels are three quarters of an inch in diameter, 
required 420 grains to move it along the horizontal 
plane, the weight of the carriage and load being 
6685 grains; the carriage whofe wheels are i-^ 
inch in diameter, when loaded in the fame manner, 
^ will be fet a going by 300 grains ; but 420 is to 
300, as 14 to 10, that is, the forces requifite to 
move the two carriages along the fame plane, are 
iftverfly as the iquare roots of the heights of the 
wheels. 

If the nature of the obftacle be fuch, as to be 
bore down by the prelTure of the wheel, the larger 
wheel will in this refpeft likewife have the advan- 
tage over the fmaller, and deprefs the obftacle with 
greater force. For let LK be continued to T, fo ^}- +■ 
that TL may be equal to AB; andfincethe whefls ^^S- 'i- 
arc fuppofed to be equally weighty, let AB and 
K 2 TL ex- 
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I, r c T. XL exprefs the ablblute forces of the two wheels 
^^^^L, aAing againft; the obllacles in the direiftions A B and 
KLi it is evident from what has been laid concern- 
ing the refohition of forces, that the force denoted 
by AB inay be refolvcd into two forces -, one where- 
of may be denoted by AG, and the other by GB, 
whereof AG alone afts in deprefling the obftacle 
BC, inafmuch as it bears direftly down upon it i 
whereas the other force denoted by G B, inafinuch 
as itsdireftion is perpendicular to tlie obftacle, may 
thruft it forward, but can contribute nothing to-' 
wards preffing it downward from B towards C. 
In like manner the force denoted by TL, is re- 
folvable into two forces, which may be denoted by 
TV and VL, whereof TV alone afts in deprefling. 
the obftacle LM ■, confequently, the force where-" 
with the greater wheel deprefTes the obltacle, is to 
t}ic force wherewith it is deprefled by the lefle^, a$ 
AG to TV, or as the fine of the angle ABG to' 
the fine of the angle TLV or KLQ^; but by the 
lecond Lemma, the angle BAG, which is the com- '' 
jilemcnt of GBA, is lels than the angle LKO 
the complement of K L Q^-, confeqiiently, the angle 
ABG is greater than TLV, and AG the fine of the 
former greater than TV the fine of the latter ; but 
as AG i3 to TV, fo is the deprefling force of the 
greater wheel to the deprelTing force of the lefi^r ; 
confeqiiently, the fame obftacle is more eafily dc- 
prefled by the larger wheel than the fmailer, and of 
courfc muft give lefs refiftance to the former than 
to the latter. 

If the obftacle be fuch, as that it can neither be 
furmounted nor deprefied, but muft be driven for- 
ward, then indeed the fmailer wheel has the advan- 
tage of the larger ; for the forces of the wheels being 
refolvedas before,thelinesGB and VL willcxprefs 
the forces which aft in driving the obftacle forward ; 
but it has been demonftrated, thatGB the fine of 
the angle GAB, is lefs, than VL the fine of the 

angle 
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angle VTL equal to QKL; and therefore theX-ECT. 
force wherewith the greater wlieel propels the ob- ^^ 
ftacle, is lefs than the force wlierewith the fmaller '^"""^ 
wheel propels the fame-, befides, as the greater 
wheel prefles the obilacle direiflly downward with a 
greater force than the fmaller, the refiftance ma'le 
by the fame obftacle to the propelling force of the 
larger wheel, will be greater than what is made to 
the propelling force of the fmaller ; lb that where 
the obftacle is to be propelled, the fmaller wheel is 
preferable to the larger ; but as in drafts this is 
rarely if at all the cale, the obftacks which are 
commonly met with in roads being fuch as mufl 
either be furmounted or deprelTed by the wheels, 
fuch wheels are to be preferred as beft ferve both 
thofe purpcfes, and thofe I have (hewn to be tlie 
larger wheels -, which likewife are attended with 
other advantages befides what have been already 
mentioned ; for firft, it frequently happens in rough 
and uneven roads, that two obftacles are placed fb 
near each other, that before the wheel has quit- 
ed one it meets with the other, and reding upon 
each, hangs between them 1 in which cafe the 
fmaller the wheel is, the lower it defcends between 
the obftacles, and thereby renders the draft more 
difficult ; inafmuch as it muft be jaifed to a greater 
height in order to pafs over the foremoft obftacle, 
than when the wheel is larger : For the illuftration PI. j. 
of which, let FE and HG repreftrnC two obftacles t'ig. 1. 
placed at fo fmall adiftance, that the wheel having 
furmounted the firft but not quitted it, may meet 
with the fecond, fo as to hang between them ; it is 
manifeft, that as the arch F D H of the lefier wheel, 
which lies between the obftacles, has a greater cur- 
vature than FBH the arch of the greater wheel, 
which lies between the fame obftacles, the point D 
muft defcend lower than the point B -, confequcntly, 
the fmaller wheel muft be raifed to a greater height 
. tlian the larger, in order to pafs over tlie fame ob- 
K 3 ftacle i 
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I. E c T. ftacle ; and therefore a greater force will be neccf- 
P ^' fary to pull up the fmaller wheel, than what is re- 
*" quifite to raifc the larger ; which is confirmed by 

Exp. 7. the following experiment. Let a carriage with four 
wheels, each an inch and an half in diameter, and fa 
loaded as that the weight of the carriage and load 
may amount to 6685 grains, be fo placed on the 
plane before made ufe of, as that the two foremoft 
wheels may hang between two obftacles whofc dif- 
tance is hai r an inch, and their height likewife half 
an inch, and a weight of 1 1 50 grains drawing the 
carriage horizontally, will move the wheels from 
between the obftacles -, whereas if four fmaller 
wheels be made ufe of each three quarters of an 
inch in diameter, a weight of 2700 grains will be 
requifite to draw them from between the obftacles. 
As wheels cannot always run upon the nail, 
but mult frequently meet with heavy roads, they 
will fink down, and thereby render the draft more 
difficult ; but the larger the wheels are, the lefs f^- 

Pj- S' teris paribus will the depth be to which they fink. 

t^g- 2. Pqj. j£ ^g(- denotes the plane of the road, and if it 

be of fuch a nature as to fufter the fmaller wheel to 
fink down as far as E ; it is manifeft that tlie gra- 
vity of the wheel muft overcome the refiftance of 
as much of the earth whereon it prefTes, a^ is equal 
to the fegment H E D ; for it cannot otherwife fink, 
than by forcing fuch a quantity of the earth out of 
its place ; and fhould the larger wheel fink tb the 
fame depth, the gravity thereof muft overcome 
the refiftance of as much earth as is equal to the 
fegment A E C, that is, it muft overcome a greater 
refiftance in order to fink to the fame depth with 
the fmaller; but it cannot polfibly overcome a 
greater refiftance, becaufe it is fuppofed to have the 
fame gravity with the fmaller-, confequently, it 
will not fink as deep as the fmaller, and for that 
reafon will make the draft lefs troublefome. 
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As large wheels have the advantage of fmall ones L e c t. 
with regard to the refift'ance ari^pig from the ob- , . ^L . 
ftacles and impediments in the roads, fo have they '^^^^ 
likewife in relation to the reliftance occafioned by 
the friftion of the box againft the arm of the axle ; 
not that this refiftance is lefs in greater wheels than 
in fmaller -, for fince it is not varied by varying the 
magnitude of the furface, as has been fliewn, if the 
boxes and arms are truly fitted and of an equal 
fmoothnels, and t'he weights whereby the arms and 
boxes are preJled together be equal, the quantity of 
refiftance will be given, whatever be the magni- 
tude of the wheels, as alfo of the arms of the axle 
whereon they playi but where the arms of the 
axles are of equal diameters, (which is commonly 
the cale in one and the fame carriage, tho' the 
wheels be unequal) a lefs force is requifite to over- 
come the given refiftance in a larger wheel than in 
a fmaller ; for in this cafe the femidiameter of the 
wheel may be looked upon as a lever, whofe prop 
or fixed point is at the center of the arm, and the 
impediment arifing from the friiftion of the box 
agalnft the arm may be looked upon as a weight 
placed upon the lever at the diftance of the arm's 
femidiameter from the prop, whilft the moving 
power is applied to the extremity of the wheel's fe- 
midiameter ; and therefore in order to a balance, 
the power muft be to the refiftance, as the femidi- 
ameter of the arm to the femidiameter of the wheel j 
Once then the impediment is given, as alio the dif- 
tance thereof from the prop, it is evident, that the 
larger the lever is, and confequenily, the larger the 
wheel, the lefs is the force requifite to overcome the 
refiftance. Thus, if BEF reprefents thecircumfc- PI. 5. 
rence of the arm of an axle, whereon the wheels ^'S- 3- 
AGH and DLK revolve, C the center of the arm, 
BC its femidiameter, DC the femidiameter of x.h^ 
fmaller wheel, and A C that of the larger ; in the 
K 4 bigger 
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bigger wheel the length of the lever is AC, and ia 
the fmaller DC; fince therefore the fame impcdi- 
menl is in both levers plated at the Tame dilUncc 
from the prop C, to.wii. at B, it will be balanced 
by a lefs force at A tli.;r. .i' D ■, and ijir fL;rcc at A 
is to die force at D, as DC to AC, i:ut is, inverfljr 
as the fcmidiameters of the wheels-, for the force at 
A is as B C applied to A C, and the force at D is gj 
the fame B C applied to D C j that is, the force at 
A which balances the rcfiftance at B, is to the force 
at D which balances the fame refiftance, as EC di- 
vided by AC, toBC divided by DC, that is, mul- 
tiplying croffwife, and throwing out BC, asDCto 
AC. Whence it follows, that when the femidia- 
meter of the arm is given, the more the wheel is 
enlarged, the lefs will the force be that is rcqujfite 
to overcome the refiflance arifing from the friftion 
of the wheel agatnlt the arm ; lb that upon this ac- 
count as well as the former, large wheels are to be 
"preferred to fmall ones. 

In order to leffen the refiftance arifing from the 
friiftjon of the box againlt the arm ot the axle, 
there has been a late contrivance, whereby the axle, 
contrary to what is ufiial in moil carriages, is made 
to revolve, and its arms, inftcad of prefTing againlt 
the boxes, are made to bear on the circumferences 
of moveable wheels, which wheels from their ufc 
in diminiJhing the friftion, are by the author of this 
contrivance called friSficn v^heeh. Now that fuch 
wheels, where they can be msdf ufe of, do take off 
much of the refiftance occafiuned by friftion, will 
appear from the following experiments -, from the 
axle of the machine called the axle in the wheel, in 
which the diameter of the wheel is to the diameter 
of the axle, as nine to one, let a weight of 23163 
grains be hung, and a weight of 2770 grains hang- 
ing at the circumference of the wheel, will turn th^ 
jnachine, provided the axle turns on the circumfe-. 
fences - 
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Ecnces of two moveable wheels j whereas, if it turns L e c t. 
in the pivets it will be neceffary to add 600 grains '^' 
more, to as to make the whole 3370 grains ■, conle- ~^~' 

qucntly the refiftance occafioned by trillion in the 
latter caie, is more than four-fold what it is in the 
former ; for lince the diameter of the wheel is nine 
times as great as that of the axle, a weight of 2574 
grains at the wheel is requifite to balance the weight 
of 23163 at the axle, which balancing weight 
being dedufted from 2770, and likewife from 
3370 grains, leaves 196 grains for overcoming the 
refiftance in one cafe, and 796 in the other; but 
ygS is to 196, as four and a little more to one. 

Again, let a fmall cart with friction wheels be fb 
loaded, as that its own weight added to that of the 
load, may amount to 20000 grains : a weight 
of 54 grains drawing horizontally, will move it 
along a fniooth level table : whereas, if the friftion 
whetls be taken off, 322 grains will be ncceflary to 
let it a going. If the cart be fo loaded, as that the 
weight of the whole may amount to 40G00 grains, 
then in each cafe, a double force will be requifite to 
move it, that is to fay, 108 grains wich tiie friifli- 
on wheels, and 644 without them ; fo that in this 
(;art tlie friiflion wheels take off live parts in fix of 
the refiftance ; for 54 is but a little more than a fixth 
part of 322, as is likewife 108 of 644, And from 
thefe experiments it does again appear, that under 
like circumftances the refiftance arifing from friilion, 
is proporriunal to the weight, whereby" the furfaces 
which rub one againft the other are prelTed together. 

Seeing then that great wheels have in lb many re- 
fpefts the advantage over fmall ones, it will not be 
improper in this place to fliew you, on what account 
it is, that the wheels of common carts, as alfo the 
foremoft wheels of coaches, chariots, and nioft 
other four-wheel carriages, are commonly made fo 
finall as feldom to exceed two feet and an half in 
diameter ■, and the firft reafpn of tiiis contrivance 
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L E c T* is for the convenience of turning ; for as in moft 
^^ roads, but more efpecially fuch as arc narrow, there 
are windings of fuch a nature as to allow but a finall 
fpace for carriages to turn in, it is neceffary to make 
ufe of fuch wheels as can turn in the narroweft com- 
pafs, and fuch are fmall ones •, for it is a thing well 
known to carters and all others who are uled to 
drive wheel carriages, that the larger the wheels are, 
the greater compafs do they require in order to turn 
with eafe and fafety ; and fliould they at any time 
attempt to turn carriages with large wheels as fhort 
as thofe which have fmaller, the wheels will drag, 
and thereby render the draft very difficult, and 
fometimes endanger the overfetting of the car-i. 



nage. 



But the fccond, and indeed the principal realbn 
for. the ufe of fmall wheels is, that upon alcents, and 
in pafling over obftacles in rough and hilly roads^ 
as little of the hdrfe's force may be loft as poffible ; 
if roads were level and fmooth without rifmgs or im- 
pediments^ the moft convenient fize for wheels, fct- 
ting afide the neceffity of turning, would be where 
the axle is upon a level with the breaft of the horfe ; 
for fince the whole force of the horfe in drawing is 
applied to that part of the tackle which Hes upon 
the breaft,* and to which the traces are joined -, and 
fince the traces are faftened to the carriage in fuch 
a nianner, as that being continued they muft pals 
thro* the axle of the foremoft wheels, it is manifeft, 
that if that axle be of an equal height with the cheft 
of the horfe, the traces, in whofe plane the line of 
direction lies, will be parallel to the road whereon 
the carriage is drawn ; confequently, the whole force 
of the horfe will be employed in drawing the car- 
riage direftJy forward, without any lofs or dimihu-- 
tion ; whereas if the wheels be of fuch a fize as that 
the height of the axle is either greater or lefs than 
that of the horfe's cheft, the whole force of the horfe 
will not be employed in the direft draft ; but in the 

- former 
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former cafe, fome part of the force will be fpent in L e c t. 
preHing the carriage direftly downward, and in the _ • 
latter, in lifting the fame direttly upward. For 
the proof and illuftraiion whereof, let the firft of P!. 5, 
the three wheels be of fuch a ftze, as that its axle A ^'S- 4- 
may be of an equal height with the horfe's breafl: 
at B ; and let the fecond wheel be fo large as that 
its axle A may ftand higher than the horfe's cheft at 
B, and in the third, let the axle be lower than the 
breaft: of the horfe 1 and in each wheel let the lines 
of direftion of the horfe's draft, to wit, AB be 
taken equal, and let each of thofe lines exprefs the 
force of the horfe ; ic is manifeft, that in the firft 
wheel, the whole force denoted by AE, is employed 
without any lofs in drawing the wheel forward, be- 
caufe the line of direftion AB, wherein the force 
draws, is parallel to EF, the road whereon the 
wheel moves ; whereas, in the fecond and third 
wheels the lines AB, wherein the forces draw, be- 
ing inclined to EF, whereon the wheels move, 
fome part of each force muft be loft ; for if each 
force denoted by A B be refolved into two, to wit 
CB and AC, whereof CB is parallel to EF, and 
AC perpendicular thereto ; it is evident, that that 
force alone which is denoted by CB, afts in moving 
the wheel forward along EF, whilft the force de- 
noted by AC does in the fecond wheel prefs it di- 
reftly downward againft the road, and in the third 
lifts it directly upward ; whence it follows, that if 
the force of a horfe be jult fufficient to move the 
firft wheel, it will not fulfice to ftir the fecond or 
third. It likewife follows, that if the wheel be fo 
far inlarged, as that the angle which the line of di- 
rci5tion AB makes with the plane EF, approaches 
nearly to a right one, the line C B will bear a very 
fmall proportion to AB, whilil AC becomes near- 
ly equal thereto -, lb that almoft the whole of the 
horfe's force will be fpent in prefiing down, and 
(hereby increafing the load j whence it appears, 

that 
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L e c T. that notwithftanding the (cveral advantages arifing 
^J^- from the lar^ncis of wheels, yt-E may they be fo 
' ' far wrreaied, as even upon account of their magni- 
tude LO reiiiler the droit inipoffibte. By the ufe df 
fmall wheels whofc i.\'!c« l;'- hol.iw the level of tht 
horfe's cheft, provifion h.as been made againft the 
inconvenience laft mentioned, and the lofs of force 
(which by reafon of the roughnefs and inequalitia 
of roads cannot wholly be avoided) has been ren- 
dered as httlc as pofTiblc, and made to obtain chief- 
ly in level fmooth roads, where there is leaft occa- 
(lon for die whole force ; wherea^i uiion alcents, and 
in pafHng over obftaclcs in rough roads, where th« 
ftrcfs is greateft, there little of the force is /o^j for 
PI- 5- the proot of which, let the wheel be of inch a fize, 
''S* S- that its axle A may be below the horfe's breaft at B, 
and let AB, as before, denote the force of the horfej 
if the wheel be drawn along a fmooth level road aS 
EF, CB will exprefs that part of the force which 
draws the wheel along the road, and AC that part 
of the force which is employed in lifting up the 
wheel, which part is loll as to the draft, but how- 
ever, is not intirely ufelefs ; becaiife, by pulling tht 
wheel dircftly upward, it eafes the toad, and there- 
by renders the draft lefs difficult ; tho' at the fame 
time the dratt is by no means as eafy as it would be, 
if the force of the horfe was applied at G, fo as to 
draw in the direction A G parallel to E F. If the 
wheel inftead of moving along a fmooth road, be 
to pafs over the obflacle D H, or which is the fame 
thing, if it be to be drawn up the afcent E H L ■, 
and if the force of the horfc be applied at G, fo as 
that the direftion of the draft AG may be parallel 
to EF, and confequently, inclined to EHL; it is 
manifcft upon refolving the force AG into two 
forces, to wit AK and KG, whereof AK is pa- 
rallel, and K G perpendicular to E H L -, that force 
alone which is expreffed by A K, afts in drawing the 
wheel up EHL; whereas the force exprefled by 

KG 
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K G afts in preffing the wheel direftly againft EHL, L a c t. 
and thereby adds to the weight of the wheel -, fo ^- 
that in this cafe, ibme part of the horfe's force 13 '^"""^ 
loft, and the load at die fame time increafed, both 
which inconveniencies are avoided where the breaft 
of the horfe is fo far elevated above the axle of the 
wheel, as that the line of diret5tion A B may be pa- 
rallel to E H L ■, for then no part of the horfe's 
force will be loft, but the whole will be employed 
in drawing the wheel direftly over the obftacle, or 
up the afcent ■, fo that a lefs force will be requjfite 
to draw the wheel over the obftacle D H in the di- 
reftion AB, than in the direftion AG ; and this is 
ftilly confirmed by experiments. For whereas the Eip. 9- 
little carriage with four wheels, each three quarters 
of an inch in diameter, being fo loaded as that the 
weight of the carriage and load amounted to 6685 
grains, was not drawn over the little obftacle one 
tenth of an inch in height, by lefs than 2850 grains 
afting in an horizontal direftion, it will be drawn 
qver, by 2450 grains, provided the direftion be 
made parallel to the tangents of the wheels in thofe 
points which touch the obftacle; and 1950 grains 
will be fufficicnt to draw the carriage with the larger 
wheels over the fame obftacle, it the diredlion. of 
the draft, be made parallel to the forementioned 
tangents, whereas 2050 grains were neceflary when 
the direftion was parallel to the horizontal plane. 
And if the direftion be ftiU farther removed from 
the parallelilm of the tangents, which may be done 
by deprefling it below the horizontal plane, the 
force of 2350 grains will be but juft fufficient 
to lurmoiint the obftacle, and draw the carriage 
over. 

Tho' in four wheel carriages, the contrivance of 
fmall wheels before has ,its advantages,, yet, is it not 
iiitirely free from inconveniencies ; for by this means 
the load njuft of ncceiruy be thrown forward, and 
a greater 



r 



148 MOTION OF BODIES 

a greater Ilrefs laid on ihe foremoft wheels ; whefc-" 
by tiie refinance that arilcs from the friftion of the 
axle againft the wlieels will become greater in ihc 
forcmoft than in the hindmoft wheels, in proportion 
to the greater weight which they fuftain. Befides, 
as the Ipaces defcribed by wheels in each revolution 
are nearly equal to the peripheries of the wheels, ' 
it is manifeft that the forcmoft wheels muft revolve 
oftener than the hindmoft, in order to rid the fame 
ground. And this frequency of turning requifitc 
in the foremolt wheels joined to the greater ftrefs 
upon them from the load, as alfo to the greater re- 
finance which they meet with from obftacles in the 
road, is the true reaion why they are more fre- 
quently out of order, and ftand in need of repair 
much oftener than thole behind. 



LECTURE X. 



Motion of Bodies down Inclined 
Planes. 



■ Tt ^Y defign in this leifture is to explain the 
i\^ chief properties of the pendulum ; and 
in order thereto, 1 fhall lay down the following 
PROPOSITIONS concerning ^e motion of bodies 
down inclined planes and curve furfaces. 

PI. 5. Prop. I. The force wherewith a body defcends up- 

■f ig- 6- on an inclined plane^ as A C, is to the abfolute force ef 

gravity wherewith the fame body falb freely and per- 

pendicularly, as the height of the plane to the length 

thereof that is, as AB to AC. 

For it has been proved, that the force requifite 
to fuftain a body upon an inclined plane, is to the 
abfokue weight of the body, as the height of the 

plane 



DOWN INCLINED PLANES. 149 

plane to its length ; but the force wherewith a body L i c r. 
endeavours to defcend upon an inclined plane, muft ■''■ 
be equal to the force which is neceflary to fupport '~'~^'~'^ 
it upon that plane j confequently, the propofition is 
true. 

CoROL. I. Hence it follows, that the motion 
of a body defcending on an inclined plane is uni- 
formly accelerated ; for fince the force which carries 
a body down an inclined plane, has every where, 
and in all parts of the plane, the fame proportion 
to the abfoliite weight of the body, and fince the 
abfolute weight remains unvaried, the other force 
muft do fo too ; conlequently, as it ads inceflantly 
in equal times, it makes equal impreflions on the 
defcending body, fo as to generate equal degrees of 
velocity in the motion thereof; that is, in other 
words, the motion of a body defcending on an in- 
clined plane is uniformly accelerated. 

CoRCL. II. On account of this uniform acce- 
leration of the motion, the times of defcending, as 
alio the velocities acquired at the end of the defcent, 
are as the fquare roots of the fpaces defcribed, as in 
the cafe of bodies falling freely ; that is to fay, the 
time wherein a body defcends upon the inclined 
plane from A to D, is to the time of tlie defcent 
from A to C, as the fquare root of AD, to the 
ft^uare root of A C 1 and the velocity of the body 
when it has defcended as far as D, is to the velocity 
thereof when it arrives at C in the fame proportion 
of the root of AD to the root of AC. 

Prop. II. The velocity acquired in air^ given 
time by a body defcending en an inclined plane, is to the 
velocity acquired in the fame time hy a body falling 
freely and perpendicularly, as the height of the plant 
tf> its length, that is, as Ah to AC. 

For, by the firit corollary of the foregoing propo- 
fitiont the motion of a body down an inclined plane 
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L E c T. is uniformly accelerated, in the fame manner as thi 
. _ . motion of a body falling freely ; confequently, at 
• '''" the end of any given time, the velocities acquired 
muli: be as the accelerating forces -, but by the fore- 
going propofition, the accelerating force of a body 
moving down an inclined plane as AC, is to the 
accelerating force of a body falling freely and per- 
pendicularly, as the height of the plane to its 
length 1 and therefore the velocities acquired in anv 
given time muft be in the fame proportion. 

Prop. III. ^be [paces defcribed in a given time 
by two bodies moving from a ft ate of reft, whereaf one 
dtfcetsds en an inclined plane, and the other falls freefy, 
are in the fame ratio of tic height pf iht plane to its 
length; that is, the fpace dtferivd by e body moving 
almg AC, is to the fpace defcribed by a body failing 
down the perpendicular AB, as AB to AC. 

For where the motions are equable, the fpaces de- 
fcribed in a given time, are as the velocities where- 
with they arc defcribed; if therefore the velocities 
be increafed in a oonftant uniform manner, the JJ3aces 
defcribed will likewileincreafe in th^- fame manner; 
but by the fecond propofitien, the velocities are aug- 
mented in fiKh a manner as in a given dme to bear 
the fame proportion to one another, as the height 
of the plane does to its length ; conicquently, the 
fpaces defcribed in a given time muft be in that 
proportion. 

CoROL. I. If from B, the line BD be drawn 
perpendicular to AG, AD will be the fpace defcrib- 
ed by a bo'.iy moving down the plane AC, in the- 
fame time that a body falls freely down the height' 
o£ the plane from A to B. 

For, from the nature of fimilar triangles^ AG 
is to A B, as A B to AD -, but by x.\\^ propojitton, as 
AC is to A B, fo is the fpace defcribed in a given 
time by a body falling freely, to the fpace defcribed 

by 
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by a body defcending upon the inclined plane A C i L e c t. 
confequendy, fmce A B is the Tpace defcribed by the _^ - 
body falling freely, A D miift be the fpace defcribed 
in the fame time by a body defcending along A C. 

CoROL. II. All the chords of a circle are de- 
fcribed in the fame time by bodies running down 
them. For if a circle be defcribed with the diame- 
ter AB, which is the height of the inclined plane pi. ;. 
AC, the point D, which determines the fpace AD ^'ig- 7- 
thro' which a body defcends upon the inclined 
plane, whilft another falls freely from A to B, will 
be in the periphery of the circle, becaufe the angle 
ADB in the femicircle is always a right one; and ■ * 
for the fame reafon, if the height of the plane 
continuing the fame, the inclination thereof be va- 
ried, fo as that it may become AG, the point E 
which determines the fpace AE, thro' which a 
body moves along the plane AG, during the 
time of a body's fall from A to B, will likewife be 
in the periphery of the circle ; confequently, in 
the femicircle ADB all the chords as AD and AE 
will be defcribed in the fame time; and as in the 
femicircle AFE, whatever chords as BF and BH 
are drawn thro' the point B, other chords as AD 
and AE may be drawn in the other femicircle pa- 
rallel thereto and equal ; it follows, that whether a 
body falls freely down the diameter A B, or whe- 
ther it defcends along a chord as H B or FB, it will 
in the fame time arrive at the lowed point of tlie 
circle ; or in other words, all the chords of a circle 
will be defcribed in equal times by bodies running 
along them. 

Prop. IV. The time ■wherein a body moves down ] 
tat inclined plane at AC, is to the time wherein a bo- 1 
dy falls freely down A B the height of the flane^ as the 
length of the plane to its height ^ that is, the limes are 
as the ffaces defcribed. 

L. For 



m 
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L e c T. ■ For by the fccond Cerol. of the firft Prop, the 
,^ ^ ' time of a body's motion along the inclined plane 
^'~^~" from A to C, is to the time of its motion from A 
to D, 2& the fqiiare root of AC to the fquare root 
of AD; but by the fccond Corel, of the third 
prop, the time of a body's motion along the in- 
clined plane from A to D, is equal to the time of 
the fall from A to B j and therefore the time of the 
motion along the plane from A to C, is to the 
time of the perpendicular fall from A toB, as the 
fquare root of AC, to the fquare root of AD, 
that is, becaufe from the fimilarity of triangles 
AC, AB, and ADare in continued proportion, as 
AC to AB, or as the length of the plane to its 
height, 

CoROL. Hence it follows, that if feveral in-' 
clined planes have equal altitudes, the times where- 
in thofe planes are delcribed by bodies running dowa 
thetn, arc to one^another as the lengths of the 
planes. 
V For the lime of the defcent along AC, is to the 

'■^' time of the fall down AB, as AC to AB, and the 
time of the fall down AB, is to t!ie time of the 
derceiit along AG, as AB to AG ; confequently, ' 
the time of the defcent from A to C, is to die time 
of the defcent fiom A to G, as AC to AG, that 
is, the times are as the lengths of the planes. 

PI- 5- Prop. V. The velocity acquired at the end of the 

S- ^' fall by a hody falling down the perpendicular height of 
an inclined plans as AB, is equal to the velocity ac- 
quired at the end of the defcent hy a body moving down 
the inclined plane., from A to C. 

For by the firft Prop, the accelerating force of a 
body falling freely from A to B, is to the accele- 
rating force of a body moving along the plane AC, 
as AC to AB j and by the fourth Prop, as A 3 is 
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to AC, fo is the time of the fall from A to B, L-e c t. 
10 the time of the defcent from A to C ; fo that ^' 
the forces which accelerate the bodies during tlieir 
motions, are to one another, reciprocally as the 
times that they continue to aft ; confequcntly, at 
the end of thofe times, the velocities generated mull: 
be equal. For inftance, if AB be one half of AC, 
the force which accelerates the body in its fall from 
A to B, is to the force which accelerates the body 
in its defcent from A to C, as two to one -, but 
the time that a body takes to fall from A to B, js 
but one half of the time that a body takes to dc- 
fcend from A to C ; fo that the accelerating force 
which afts upon the body during its motion from 
A to C, tho' it be but one half of the accelerating 
force which adts upon the body during its fall from 
A to B, yet does it continue to ad: twice as long ; 
and therefore muft in the end produce the fame ve- 
locity. 

CoROL. Hence it follows, that the velocities ac- 
quired by bodies in falling down inclined planes, 
are equal where the heights of the planes are equal. 

For, the velocity acquired in falling from A to Pj- s- 
C, is equal to the velocity acquired in falling from ^'£" 7* 
A to B, as is alfo the velocity acquired in falling- 
from A to G 1 confequently, the velocities acquired 
in falling from A to C, and from A to G, are 
rqual. 

Prop. VI. If a body defcends alsng feveral con- P'- 5- 
tiguosis planes aj A B, B C, and C D, the velocity £" ^* 
which it acquires in its defcent from A to D, is equal 
t to the velocity acquired by the perpendicular fall from 
T H /o D, on fuppofition that the body is not retarded by 
\ the Jhecks it fuffers in the angles B and C. 

For drawing the horizontal lines HE and DF 

' thro' the points A and D, and producing the planes 

CB and DC as far as G and E ■, by the Corol. of the 

L 2 \^^ 
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L E c r. laft Prepo/ition, the fame velociry is acquired in 
^■_ . rlie point B, by a body in defcending from A to 
B, as in defcending from G to B ; confcquently, 
the fame velocity is acquired in the point C, by a 
body defcending from A thro' B ro C, as in de- 
fcending fromG to C-, but by the fame Corellaryy 
the velocity acquired in defcending from G to C, 
is equal to tlie velocity acquired in defcending 
from E to C 1 wherefore, the velocity in the 
point D acquired by the defcent along the three 
planes AB, BC, and CD, is equal to the velocity 
acquired by the defcent from E to D, which veloci- 
t)' by the foregoing Propofttion, is equal to the ve- 
locity acquired by the perpendicular fall from H 
toD. 
Pj- 5- CoROL. Hence it follows, that if a body de- 
f 'g- 9- fcends along the arch of a circle as AB or of any 
other curve, the velocity acquired at the end of the 
defcent, is equal to the velocity acquired by falling 
down CB, the perpendicular height of the arch. 

For curves may be looked upon as compoled of 
an infinite number of right lines inclined one to 
another, 

PJ- s- Prop. Vll. If two planes as AB and "QD joined 

''£■ '"■ together at B, have equal degrees of elevation ivitb two 
other planes as EF and FH joiTted together at F, and 
if AB be to EF as BD to FH ; the time of a body's 
fall down the planes ABD, will be to the time of the 
fall down EFH, as the fquare root of AB and BD 
taken together, to the fquare root of EF and FH 
taken together. 

Let AB and EF be produced till BC becomes 
equal to BD, and FG equal to FH. Since AB is 
to BC, as EF to FG, AB is to AC, as EF to EG j 
■ and fmce thofe four quantities AB, AC, EF and 
EG are proportional, their fquare roots will be fo 
too. Again, fince the planes AC and EG are 
I equally 



DOWN INCLINED PLANES. 155 

equally elevated, they may be looked upon as parts L b c !■. 
01 one and the fame plane, and therefore, by the^ ^' 
fccond Corel, of the firft Prop, the time of a body's "" 
fall from A to C, is to the time of the fall from 
E to G, as the fquare root of AC to the fqxiare root 
of EG, or as the fquare root of AB to the fquare 
root of EF i but the time of a body's fall from A 
to B, is to the time of the fall from E to F, as the 
fquare root of AB to the fquare root of EF ; to 
that the lime of the fall from A to C, is to the 
rime of the fall from E to G, in the fame proportion 
of the time of the fall from A. to B, to the time 
of the fall from E toF; confequently, the time of 
the fall from B to C, fuppofing the motion to be- 
;in from A, muft be to the time of the fall from 
to G, fuppofing the motion to begin from E, in 
the fame proportion of the root of AB to the root of 
EF; if the bodies after their fall from AtoB, and 
from E to F, inftead of moving along BC and FG 
continue their motions along BD and FH, fmce 
thofe two planes are equally inclined to AB and EF, 
and lince BD is equal to BC, and FH equal toFG, 
whatever proportion the time of the body's motion 
along BD bears to the time of its motion along BC, 
the fame will the time of the motion along FH 
bear to the time of the motion along FG ; but it 
has been already proved, that the time of the mo- 



I" 



tion along BC, is to the time of the motion i 



? 



FG, as the fquare root of AB to the fquare root of 
EF ; wherefore, the time of the motion along BD, 
is to the time along FH, as the fqaare root of AB to 
the fquare root of EF, that is, in the fame proportion 
with the time along AB to the time along EF ; and 
therefore, the fums of thofe limes will be in the 
fame proportion ; that is to fay, the time of the 
motion along AB, added to the time of the motion 
along BD, is to the time of the motion along EF, 
added to the time of the motion along FH, as the 
fquare root of AB to the fquare root of EF ; but 
L 3 it 
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L E c T. it has been proved, that the fquare root of AB is 
^L^ to the Iquare root of EF, as the fquare root of AB 
and BD taken together, to the fquare root of EF 
and FH taken together-, and therefore, the time 
of a body's fall from A thro' B to D, is to the time 
of the fall from E thro' F to H, as the fquare root 
of ABD to the Iquare root of EFH, which was 
to be proved. And what has been thus proved with 
regard to two planes on each fide, is in like manner 
demonftrable with regard to any number of planes, 
provided thofe on one fide be proportional to thofe 
on the other, and that the correfponding planes 
have equal degrees of elevation. 
PI. 5. CoROL. Hence it follows, that if bodies dcfcend 

Fig- 1 1 • thro' the arches of circles, the times of defcribing 
fimilar arches fimilarly pofited, are as the fquare 
roots of the arches. For inftance, if bodies move 
down the fimilar arches AB and CD, which are fi- 
milarly pofited with regard to the horizontal plane 
ED, the time of defcribing AB, is to the time of 
defcribing CD, as the fquare root of AB to the 
fquare root of CD. 

For ajl circles whatever, may be confidercd as 
. fimilar polygons, confiding of an indefinite num- 
ber of fides indefinitely fmall ; and therefore, fimi- 
lar arches muft: confift of an equal number of fides 
proportional the one to the other ; and forafmuch 
as the angles which thofe fides contain are equal, if 
the arches be fimilarly pofited, the correfponding 
fides in each arch muft have equal degrees of ele- 
vation •, and confequently, the times of defcribing 
the arches will be as their fquare roots. 

In my lefture upon gravity, I fliewed you, that if 
a body be thrown direftly upward, it will rife to the 
fame height, whence, if it fell from a ftate of refl:, 
it would by the end of the fall acquire the fame ve- 
locity wherewith it is thrown up •, I likewife fhewed 
you, that the tirne of the rife is eq^ual to that of the 
fall. . I now fay,! 

Prop, 
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Prop. VIII. That the fame things do likewife cb-'^^c -t. 
tain -with regard to bodies thrown up obliquely^ whe- , J^'_.; 
ther they afcend upon inclined planes or along the arcs 
cf curves. 

Becaiife the fame forces which accelerate the mo- 
tions of bodies defcending on fuch planes or curves, 
do in the very fame manner retard the motions of 
fuch bodies as afcend thereon ; and therefore, what- 
ever be the time reqiiifite for a body to defcend 
upon an inclined plane or thro' the arc of a ciirv!", 
in order to acquire any velocity, the fame mnft the 
time be, wherein that velocity is deftroyed in a 
body afcending upon the fame plane or curve, and 
whatever be the length of the plane or curve, thro' 
which a. body defcends in order to acquire any ve- 
locity, the fame muft the length of the plane or 
curve be, thro' which it muft afcend in order to 
have that velocity deftroyed. 

CoROL. Hence it follows, that if by any con- P'- 5* 
trivance a body be made to defcend thro' the arch '^' ^ " 
of a circle as from C to A, and with the velocity 
acquired by the defcent to afcend along the arch 
AD of the fame circle, the arch AD which it de- 
fcribcs in its afcent, will be equal to the arch CA 
defcribcd in the defcent; and the times in which 
thofe arches are defcribed will be equal. 
■ And this is the cafe of the Pendulum ; which 
is a heavy body as A, hanging by a fmall cord as 
BA, a!nd moveable therewith about the point E, to 
which the cord is fixed. If when the cord is ftretch- '^■''P- '• 
ed the weight be raifed as high as C, and thence let 
fall, it will by its own gravity defcend thro' the 
circular arch C A ; and by the Carol, of the fixth 
Prop, it will have the fame velocity in the point A, 
that a body would acquire in falling perpendicu- 
larly from E to A ; and by the firft law of na- 
ture, if will endeavour to go off with that velo- 
city \n the tangent AF ; but being by the force of 
L 4 the 
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■ Hence it appears, that if the arch of a circle where- 
in a pendulum vibrates, be fo divided in the points 
I, 2, 3, 4, and fo on, beginning from the loweit 
point A, as that the chords drawn from A to the 
fevcral points of divifion, may be to one another, 
as thofe numbers, the velocities acquired by a pen- 
dulum in the loweit point A, when let fall fuccef- 
(ively from the feveral points of divifion, will be 
as the numbers afHxed to the refpeftive points ; and 
it was upon this account, that in the experiments 
relating to the coUifion of bodies, the balls were 
conftandy let fall from fuch heights, as that the 
chords of the arches which they defcribed in their 
defcent, might be to one another in the fame pro- 
portion with the velocities wherewith the balls were 
iuppofed to meet at the lowed point. 

The times wherein pendulums of unequal lengths 
vibrating in fimiiar arches, perform their vibrati- 
ons, are to one another, as the fquare roots of their 
lengths ; for inftancc, the time wherein tlie pcndu- 
PI. 5- lum BA vibrates thro' the arch FG, is to the time 
Fig- '5- wherein the pendulum BC vibrates thro' the arch 
DE fimiiar to FG, as the fquare root of B A to the 
fquare root of BC. 

For, by tlie Corel, of the feventh Prop, finre the 
arches FA and DC are fimiiar and fimilarly pofited, 
the time of the defcent thro' FA, is to the time 
oi the defcent thro' D C, as the fquare root of FA, 
to the fquare root of D C ; but by the Corel, of the 
eighth Prop, the time of the defcent thro' FA, Js 
one half of the time of the vibration from F to 
G, and the rime of the defcent thro' DC, is one 
half of the time of the vibration from D to E ; 
confequently, the time of the vibrarion thro' FG, 
is to tbe time of the vibration thro' DE, as the 
fquare root of FA, to the fquare root of D C j 
that is, becaufe the arches FA and DC are fimi- 
iar, as the fquare root of BA to the fquare root 
of BC, that is, the times of the vibrations are 
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as the fquare roots of the lengths of the pendu- I- e c t. 
lums. And forafmuch as the times wherein pen- ^^J^ . 
dulums perform tlieir vibrations, are to one an- -""V^-J- 

other inverfly as the number of vibrations per- 
formed in a given time ; the numbers of vibrations 
performed by pendulums in a given time, are to 
one another inverfly as the fquare roots of the lengths 
of the "pendulums. For initance, if the length of 
the pendulum B A, be to the length of the pendu- 
lum BC, as one to four, the number of vibrations 
performed in any given time by the {hotter pendu- 
lum, is to the number of vibrations performed in 
the fame time by the longer, as the fquare root of 
four to the fquare root of one, that is, as two to 
one 1 which cale is experimentally confirmed by two 
pendulums, whereof the longer being 39,125 inches, Exp. 3. 
vibrates in one fecond of time ; and the fhorter be- 
ing 9.781 inches, vibrates in half a fecond, and 
performs two vibrations in the fame time that- the 
longer performs one.' 

Inches. > 

J t 39.125 Halley. 
Length of a pendu- ( "' ** ' I 39.207 Newton.- 

g.781 Halley. 

9.801 Newton. 

The time of a pendulum's vibration is no way 
altered by varying the weight thereof ; for fince the 
gravity of every body is proportional to its quan- 
tity of matter, as I proved in my lefture upon gra- 
vity, all bodies in the fame circumftances are mov- 
ed by the force of gravity with the fame velocity -, 
and therefore, if the length of a pendulum continues 
the fame, it will perform its vibrations in the fame 
time, whatever be the magnitude of the appending 
■weight; which may be confirmed by the foUbwing 
experiment. Let two unequal weights be hung by Exp. , 
two threads fo as to conftitute two pendulums equal 
in length, and let them at the fame inftant of time 

fall 
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fall from equal heights, they will keep pace togt- 
ther fo as to perform their vibrations in equal tixnes. 

In the foregoing part of this lecture I ihewed 
you, that the vibrations of one and the fame pen- 
dulum vibrating thro* unequal but fmall circular 
arches, are performed in times that arc very nearly^ 
but not precifely, eqwl. Whence it follows, that 
however ufeful fuch a pendulum may be in mea- 
furing time where great exaftnefs is not requifite, 
yet can it by no means be admitted as an accurate 
meafure of time, unlefs by fome contrivance it be 
made to perform all its vibrations in equal arches, 
which, confidering the unavoidable imperjfeAions 
of all machines, is extremely difficult, if not im- 
poffible ; for it has been found by experience, that 
the beft regulated pendulum clocks, wherein the 
greateft care has been taken to make the pendulunits 
vibrate in equal arches, have notwithftanding va- 
ried in a courfe of time, fo as to ftand in need of a 
new regulation, which they could not poffibly dP 
in cafe the pendulums, whereon the regularity of 
all the other movements depends, conxuiued con^ 
ilantly to vibrate in equal arches. 

In order therefore to obtain an e^aft unerring 
meafure of time, it is neceflary to make a pendu- 
lum vibrate in fuch a manner, as that all its twings, 
whether they be thro* larger or fmaller arches, may 
be performed in times exadUy equal ; and this may 
be done by making a pendulum vibrate in the 
curve of a cycloid, as I fliall now demonftrate ; 
but I fliall firft fliew you the manner wherein that 
curve is generated, and what its chief properties 
are, as alfo by what contrivance a pendulum i$ 
made to vibrate in fuch a curve. 
^y 5- If a circle as CEF, which touches the right line 
Fig. 10. ^g jj^ ^j^g point C, be moved along that line in 

the manner of a wheel from C to D, fo as to 
perform an intire revolution ; the point C will by 
virtue of its double motion defcribe the curve line 

CID, 
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CID, which curve line is called a cycloid; and the Lec 
right line C D is called the iafc, the line I K perpen- 
dicular to the bafe at its middle point is called the^ 
eixij of the cycloid, and the point I the vertex, and 
the circle CEF or KLI is called the generating 
circle. 

From any point in the cycloid as H, let a right 
line as H L, be drawn parallel to the bafe C D, and 
continued tilt it meets the generating circle KLI, 
defcribed about the axis IK; and let the line HiVI 
touch the cycloid in the point H; this being done, 
the chief properties of the cycloid are thefe three. 

Firft, The arch I PL of the generating circle, 
intercepted between the vertex ot the cycloid and 
the point L, wherein the right line HL meets the 
generating circle, is equal in lengtii to the right 
line HL. 

Secondly, The chord IL of the circular arch 
IPL, is parallel to the right line MH, which 
touches the cycloid in the point H. 

Thirdly, The cycloidal arch I H intercepted be- 
tween the vertex and the point H, is double the 
chord I L. 

The demonftrations of thefe properties may be 
feen in Huvcens, Wallis, Cotes, and others 
who have wrote of Uie cycloid. 

The contrivance whereby a pendulum is made 
to vibrate in the curve of a cycloid, is thus. A cy- 
cloid as AVE, being defcribed on the bafe AB, pi. -, 
let the axis VD be produced towards C, till DC Fig- v 
becomes equal to V D -, thro' the points C and A, 
and C and B, let two femi-cycloids CA and CB be 
drawn, each equal to half of AVB, their vertices 
being at A and B -, if then we fuppofe CA and CB 
to be two plates of fome breadth, and an heavy 
body to hang from the point C by a Itring equal in 
length to CV, and to vibrate between the plates 
CA and CB, the upper part of the ftring will con- 
ftandy 




Of the pendulum. 

ftantly apply itlelf to that plate towards which the 
body moves, and by fo doing caufe it to move in 
the cycloid AVB as has been proved by Huygens 
the author ot' this contrivance ; and likewile by 
Cotes in his treatife de motu pendulorum, where he 
has delivered the whole do6trine of pendulums in 
four Theorems, which I ihall here lay down and 
explain. 

J?" !■ Theorem I. If a pendulum vibrating in a ey- 

'8- '7* cleid as BVA, hegim its motions downward towardt 
V, from any point taken at pkafure as L, and if up- 
on a radius as VL, equal in length to the cycloidal 
B <Wf^ V L, a circle be defcribed \ the velocities of the 

^^^^L fendulum in the feveral points of the cycloidal arcby 
^^^^H V)iU be as the right fines in the circle which art reufed 
^^^^T from the correfponding points in the radius -, for itt^ 
I fiance^ if in the radius 'L.M. be taken equal /p L M « 

the cycloid, and from the point M in the radius cerre- 
fponding to the point M in the cycloid^ he raffed the right 
fine M X, the velocity of the pendulum in the point M, 
after it has defccnded from L, will be as the fine M.X. 

For the proof of which, from the points L and 
M in the cycloid, let the right lines LOR and 
MQS be drawn perpendicular to the axis, cutting 
the generating circle in O and Qj from whence to 
the vertex, let the right lines OV and QV be 
drawn. By tlie Carol, of the fixth Prop, the velo- 
city which tlie pendulum acquires in defcending 
along the cycloid from L to M, is equal to the ve- 
locity acquired by a body in falling perpendicularly 
from R to S ; but the velocity which a body ac- 
quires in falling perpendicularly, is in the fubdu- 
plicate ratio of the fpace defcribed, as I proved in 
my lefture upon gravity j confequently, the velo- 
city acquired by the pendulum in its defcent from 
L to M, may be expreiTcd by the fquare root of 

RSi 
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RS 1 but RS, being equal to the dififcrence be- Lect. 
tween RV and SV, the velocity in the point M ^■ 
may be exprefled by the Iquare root of the difte-""^^' 
rence between RV and SV ; or, becanfe, RV multi- 
plied into the axis DV, is to SV multiplied into the 
fame DV, as R V to S V, the velocity may be exprefF- 
cd by the fquare root of the difference between the 
produft of RVxDV and SVxDV; but from the 
nature of the circle, the produft of RV x DV is 
equal . to the fquare of VO ; and the produft of 
SVxDV isequal to the fquare of VQj wherefore, 
the velocity at M may be exprefled by the fquare 
root of the diifcrence between the fquare of VO and 
the fquare of VQ_; but, by the third property of 
the cycloid, VO is equal to one half of the cycloidal 
arch VL, and VQ^to one half of the arch VM -, 
wherefore, as VO Iquare, is to VQ^fquare, fo is 
VL fquare, to VM fquare ; confequently, the ve- 
locity of the pendulum at M may be exprefled by 
the fquare root of the difference between the fquare 
ofVLand the fquare ofVM; but the cycloidal 
arches VL and VM are by fuppofuion equal to 
VL ajid VM in the mdius of the circle ; and, from 
the nature of a right-angled triangle, the difference 
between the fquare of VX, which is equal to VL, 
and the fquare of VM, is equal to the fquare of 
MX; wherefore, the velocity of the pendulum at 
the point M, is as the fquare root of MX fquare, 
that is, as MX, as was afferted in the Theorem. 
And what has been thus proved with regard to the 
velocity at the point M, is in like manner demon- 
ftrable with regard to the velocity at any other 
point as N ; namely, that it is as the right fine 
NY raifcd from the point N in the radius corre- 
fponding to the point N in the cycloid ; fo that the 
velocides of a pendulum defcending in a cycloid, 
arc in th« feveral points of the cycloidal arch, as the 
right fines in a circle which are raifed from the cor- 
refpondiiig points of the radius, the radius being 

equal 
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'L B c T. equd in length to the cycloidal arch intercepted bee 
X. tween the vertex and that point from wliich the 
' ' "pendulum begins its motion. Thus, VM and VN 
in the radius of the circle, being taken equal to 
VM and VN in the cycloid, fo as that the point* 
M, N, V, in the radius, may correfpond to the 
points M, N, V, in the cycloid, the velocities of 
the pendulum in thole points are to one another, a| 
the fines MX, NY, and VZ, the radius VZ ex. 
prefling the greateft velocity at the vertex V. 

PI. 5. ' Theorem II. If a tody be fuppofei to raove im* 
Fig- 17' fonnly in the curve of the circle, with a velocity equal 
to the velocity acquired by the penduhm in its defctnt 
from L to V, ivhicb velocity is, as was jufi how 
fljewru, expreffed by the radius VZ ; any arch of tbt 
circle jj X Y taken at pleafure, will be defer ibed by tht 
body moving along it in the foremenlioned matimr^ in 
the fame time that the pendulum, which begins its mo- 
tion from the point L in the cycloid, defcrthes the cy- 
cloidal arch M N, correfponding to and equal in length 
lo M N, that part of the radius, -which lies between 
the fines M X and N Y, which terminate at the extre^ 
miiies of the circular arch X Y. 

Let the fine FGH, be drawn indefinitely near 
to the fine MX, and let XG be drawn parallel to 
MF : and let MP in the cycloid be equal to MF in 
the radius of the circle. By the foregoing Theorem, 
the velocity of the pendulum in the point M, is as 
MX i and therefore, fince F is fuppofed to be in- 
definitely near to M, the little cycloidal arch MF, 
equal to MF in the radius, is to be looked upon as 
defcribed by the pendulum witli a velocity which is 
as MX ; and the little circular arch XH, is by 
fiippofition defcribed with a velocity which is as 
VZ, equal to VX ; and the triangles MXV and 
GXH being fimilar, inafmuch as the angles at M 
and G are right ones, and the angle MXV equal to 
GXH, 



Of the pendulum. ity 

.GXH, becaufe GXV is the complement of each L b c t. 
of them to a right one -, XH is to XG equal to ^■ 
MF, as VX or VZ to MX -, that is, XH and MF^ **^- 

are to one another, as the velocities wherewith they 
are defcribed ; confequently, they muft be defcribed 
in the fame time. And what has been thus demon- 
ftrated of MF and XH, is in like manner demon- 
ftrable of the fcvera! correfponding parts in the cy- 
cloidal arch MN, and circular arch XY ; conle- 
quently, the whole cycloidal arch MN, will be de- 
fcribed by the pendulum in the fame time, that the 
circular arch XY is defcribed by a body moving 
along it uniformly with the velocity exprelTed by 
VZ i and by the fame way of reafoning, the time 
of defcribing any other cycloidal arch as LV, is 
equal to the time of defcribing the cprrefponding 
circular arch LZ. 

CoRoL. As a Corollary it follows, that the time 
■wherein a pendulum defcribes any arch of a cy- 
cloid as MN, may be exprefied by the correfpond- 
ing circular arch XY. 

For, as the motion along the curve of the circle 
is fuppofed to be uniform, the time of defcribing 
any arch as XY, mull be as the length of the arch j 
but by the Theorem, the times of defcribing the cir- 
cular arch XY, and the cycloidal arch MN, are 
equal -, confequently, the time in which the pendu- 
lum defcribes the cycloidal arch MN, is as the cir- 
cular arch XY. 

Theorem III. The time of one intire 'vibration 
ef a pendulum moving in a cycloid, is to the time 
•wherein a body falls perpendicularly thro* a fpace equal 
in length to the axis of the cycloid, as the periphery 
ef a circle to its diameter. 

All things being fuppofed as before, the time of PI. j. 
defcribing the lemicircular pcripherj- LZP with the Pig- 17- 
M velocity 
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L E c T. velocity fxprefled by VZ, is to the time of ddcrib- 
X- ing die femidiamcter LV widi the fame velocity, 
**— ""^ as the femicircular periphery to the Icmi diameter, 
or as the whole periphery to the diameter ; but the 
time of defcribing the femicircular periphery LZP 
with the velocity VZ, is equal to the time of"^ an in- 
tire vibration ; for, by the eighth Prep, the time 
wherein the pendulum defcribes the cycloidal arch 
LV, is one half of the time wherein it performs an 
intire vibration ; and by the fecond Theorem, the 
time wherein a jienduhim defcribes the cycloidal 
arch LV, is eqiul to the time wherein the quadran- 
tal arch of the circle, to wit LZ, is defcribed with 
tlie velocity cxprciTed by VZ ; confequently, the 
time of an intire vibration, is equal to the ume of 
defcribing the femicircular periphery LZP j and the 
time of defcribing the femidiamaer LV with the 
velocity VZ, is equal to the time of a body's fall 
down the height of the axis DV -, for, by the fe- 
cond Corel, ot the third Prop, the fall down the 
axis DV, is performed in the fame time with the de- 
ftent along the chord OV -, and by the eighth Prep. 
the velocity acquired at the end of the defcent along 
the chord OV, will in the fame time with that rf 
the defcent dcfcribe a fpace equal to twice OV ; but 
by the tliird property of the cycloid, twice VO is 
equal to the cycloidal arch LV, which by fuppofi- 
tion is equal to the femidiameter VL ; and conie- 
quently, the velocity acquired at the end of the de- 
fcent along the chord OV, is fuch, as will in a time 
equal to that of the fall down the axis DV, defcribe 
the femidiameter LVj but, by the Cerol. of the 
lixth Prop, the velocity acquired at the end of the 
defcent along the chord OV, is equal to the velocity 
acquired by the pendulum in its defcent along the 
cycloidal arch from L to V, which by the firft 
Theoreni, is as VZ ; wherefore, the time of defcrib- 
ing the femidiameter LV with the velocity VZ, is 

equal 
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fcqual to the time of the fall down the axis DV •, L e c t. 
but it has been already proved, that the time of . ^' 
defcribing the femicircular arch LZP with the velo- 
eity VZ, is to the time of defcribing the femidia- 
meter LV with the fame velocity as the periphery 
of the circle to its diameter ; and it has been likewife 
proved, that the time of defcribing the femicircular 
arch with the velocity VZ, is equal to the time of 
an intire vibration of the pendulum ; confequemly, 
the time of fuch a vibration, is to the rime of the 
fall down the axis, as the periphery of the circle to 
its diameter. 

CoROL. From what has been proved it follows, 
that the time of a vibration of a pendulum moving 
in a given cycloid is given ; or in other words, that 
all the vibrations of fuch a pendulum, whether they 
be in larger or fmaller arches, are performed in 
times exactly equal. 

For, as it has been proved, that the time of the 
vibration which begins from the point L, is to the 
time of the fall down the axis, as the periphery of 
the circle defcribed on a radius equal to the cycloidal 
arch VL, to its diameter -, it may in like manner 
be demonftrated, that if the vibration begins from 
any other point as M, the time thereof will bear the 
feme proportion to the time of the fall down the 
^s, that the periphery of a circle defcribed on a 
radius equal in length to the cycloidal arch VM, 
' does to its diameter ; but the ratio of the periphery 
to the diameter in any one circle, is the fame with 
that in any other -, wherefore, the times of the vi- 
brations thro' unequal arches, have all the fame 
tatio^ to the time of the fall down the axis, and of 
'Confequence mufl: be equal. 

From this equality in the times of the fwings it 
fe, that this kind of pendulum is preferable to fuch 
as vibrate in circular arches, as being a more exaft 
B(nd juft meafure of time ; a minute of mean or 
equal time being precifdy meafured by futty fwings 
MTz of 
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of a pendulum of tins kind, whofe length is equal 
to three horary feet, which anfwers to 39 inches and 
one eighth of our meafure, according to Doftor 
Halley •, or to 39 inches and one fifth, accord- 
ing to Sir Isaac Newton ; and now that I have 
mentioned mean or equals otherwife called true time^ 
it will not be improper in this place, to fhew you 
wherein it differs from that time, which by aflrono- 
mcrs is called unequal and apparent time. 

As time in itfelf does not fall under the notice 
of our fcnfes, and as the parts thereof go on in a 
continued fucccflion one after another, no two ex- 
ifting together, it is impoffible to difcover the equa- 
lity or inequality of any two portions of time, by 
an immediate comparifon of one with the other ; 
and therefore, it was neceflary for thofe who firft 
thought of diftinguifhing the parts of time, to have^ 
recourfe to fomething fenfible, and of a different 
nature from time, as a meafure thereof. And as 
nothing feems better fitted to ferve this purpofe, 
than fuch natural apppearances as fall under every 
man's notice, and at the fame time have frecjuent 
returns, it is highly probable, that in the firft ages 
of the world, men obfcrving the frequent rifings 
and fettings of the fun, took the one or,the other 
for their firll meafure of time, calling that portion 
of time which paffed between two rifings or fettings, 
which immediately fucceeded each other, by the 
name of a day ; in like manner it is rational to fup- 
pofe, that upon obferving the frequent returns of 
the full and new moons, they made the one or the- 
other their fecond meafure of time, calling that 
fpace which pafled between two fucceffive new or 
full moons by the name of a moon or month. And 
it is likely, that for fome time they contented them- 
felves with thefe meafures, without knowing or 
confidering whether they were exaft or not : but 
in procefs of time, as men became better acquainted 
with the motions of the heavenly bodies, they dif-; 

covered 
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covered fome irregularities in the apparent motion I^ e c t . 
of the fun, and of confequence, an inequality in the , _^^ , 
natural days which depend on that motion ; inaf- •" 
much as the portion of time, which pafies between 
the fim's departure from the plane of any meridian 
and its next return thereunto, is not always the 
fame. By confidering the caufes of this inequality, 
they ttxre led into a, method of making fuch cor- 
reftions in the natural days, by adding to fome, 
and taking from others, as reduced them all to a 
mean equal length ; each day being made to con- 
fift of 24 equal hours, each of which is divided into 
Jixty equal parts called inmntes, and each of thele 
into fixcy others c?i\\.edifeconds, and thefe again into 
thirds, and fo on in a fexagtfimal progreHion, the 
parts of each denomination being conftantly equal 
among thcmfelves. And thefe parts of time thus 
reduced to an equality conftitute the mean or equal 
time, as it ftands dillinguifhed by aftronomers, 
from the unequal or apparent rime, which is mea- 
fured by the apparent motion of the fun. 

In order to have a conftant meafure of equal 
time, HuYCENs contrived a method of adapting 
pendulums to clocks, whereby their motions are fo 
exaftly regulated, as that in a clock whofe move- 1 

ments are rightly adjufted, the feconds, minutes, 
and hours, are for fome time pointed out with the 
greateft exaftnefs \ I fay, for fome time only, be- 
caufe it is not poffible that any clock whatever 
Ihould continue exaiftly true for a long courfe of 
time ; for as the pendulums of clocks according to 
HiTYGENs's (irrt contrivance, and by the general 
praiflice of clock-makers at this day, are made to 
vibrate in circular arches, where the times of the ' 
ribrations are not precifely equal, iinlefs the arche? 
thro' which the pendulum moves be fo too. If the 
wheels on account of the tliickening of the oil by 
frofty weather, or from any other caufe grow more 
M 3 fli'ggifli. 
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L e c T. fluggifti, fo as to give the weight, which in clocki 
^ _^ is the moving power, greater refiftance than ac- 
^'''*'~^ cording to tlie firft adjuftment, the force of the 
crown-wheel upon the palates of the pendulum will 
likewifc be diminifiied, and of confequence, the 
pendulum being thrown lefs forcibly will move 
thro' fmaller arches than before, and by fo doing, 
will mcafure out fmalkr portions of lime, the time 
of Gxty fwings not amounting to a minute, upon 
■which account the clock muft gain, and go too faft. 
On the other hand, whenever the parts ofthe move- 
ment which rub one againft another do, by reafon 
of the thinning of the oil by the heat of the wea- 
ther, grow more (lippery, or from their conftant 
friftion become more fmooth, fo as to give lefs re- 
fiftance to the moving power than according to the 
firft adjuftn-.ent, the crown-wheel aifts more forci- 
bly on the pendulum, and caufcs it to vibrate in 
larger arches, by which means the time of each 
fwing is inlarged, and of courfe the clock lofes 
and goes too flow. To remedy thefe inconve- 
niences HuvGENs thought of a fecond method of 
adapting pendulums to clocks, fo as to make them 
perform their vibrations in cycloidal arches i by 
which means, tho' the force of the crown-wheel 
upon the pendulum ftiould vary, fo as to caufe if 
to vibrate fomctimes in larger and fometimes in 
fmaller arches, yet wiU not any variation ariiefrom 
thence in the times of the vibrations ; as is evi-, 
dent from the Corollary of the third Theorem ; lb 
that in clocks whofe motions arc governed by pen- 
. dulums vibrating in cycloidal arches, the irregula- 

rities arifing from the variation ofthe force of the 
crown-wheel upon the pendulum are wholly avoid- 
ed ; and yet a clock of this kind will not always 
go true ; for as the pendulum cannot vibrate in the 
curve of a cycloid, unlefs the uppermoft part of 
the firing does as often as it moves from the per- 
pendicular 
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pendicular towards cither fide, form itfelf into a L e c t. 
cycloidal arch ; and as tliis cannot be done unleis ^• 
that part of the (bring be made of filk, or fome'"""^'"**^ 
other Ibft and pliable fubftance, which as fuch Is 
apt to imbibe the moifture of the air; whenever 
the weather becomes remarkably moift, the watery 
particles which float in the air, will infiniiate them- 
felves into the pores of the Itring, and by fo doing 
caufe it to contraft and (horten ; upon which ac- 
count, the vibrations of the pendulum will be 
quickened, as will appear from the next Theorem, 
and the clock will gain. So that neither a clock 
of this, nor of any other kind, can go exactly true 
for any long courfe of time, which is a thing well 
known to clock-makers, who have frequently ex- 
perienced the beft regulated clocks to vary in the 
compafs of a few months, fome feconds from the 
equation table, fo as to ftand in need of a new re- 
gulation. 

Theorem TV. "the times wherein pendulums of p(, j, 
Afferent lengths as CV and AB perform thdr vi- ^"'g- i7» 
Ih-atiens, are to one another in the fame proportion with '^' 
I the fquare roots of the lengths of the pendulums. 

For, by the third Theorem, the time wherein the PI. ;. 
Ijtenduium CV performs its vibrations, is to the ^'g- '7- 
Itime wherein a body falls down the axis DV, as the 
I circumference of a circle to its diameter i and by 
I the fame Theorem, as the circumference of a circle 
s zo the diameter, fo is the time wherein the pcn- 
Idulum AB performs its vibrations, to the time PJ. j. 
I wherein a body falls down the axis EB ; confequent- ^^£' ^^• 
lly, the time wherein the pendulum CV performs 
|it& vibrations, is to the time wherein the pendulum 
I^B performs its vibrations, as the time of the fall 
ndown DV, is to the time of the fall down EB ; 
iput, as I proved in my lefture upon gravity, the 
tuie of die fall down DV, is to the time of the 
Ma fall 
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L E c T. fall down EB, as the fquare root of DV, to the 
^ , fquare root of EB \ or, becaufe DV is one half of 
CV, and EB one half of AB, as the fquare root of 
CV, to the fquare root of AB; wherefore, the 
time wherein the pendulum CV performs its vi- 
brations, is to the time wherein the pendulum AB 
performs its vibrations, as the fquare root of CV, 
to the fquare root of AB, that is, die times are as 
the fquare roots of the lengths of the pendulun)S ; 
fo that if one pendulum be four times as long as 
another, the fhorter will vibrate in half the time, 
fo as to perform two vibrations in the fame time 
that the longer performs one. 

In this Theorem^ as alio in every thing elfe that 
has been hitherto faid concerning the pendulum, the 
force of gravity is fuppofed to be given ; whence 
it follows, that if pendulums of different lengths, 
PI. 5- as CV and AB, perform their vibrations in equal 
^^Z' >7» times, the force of gravity in fuch pendulums mull 
vary, and that in proportion to the lengths of the 
pendulums, that is to fay, the force of gravity in 
the pendulum CV, muft be to the force of gravity 
in the pendulum AB, as CV to AB. For, as the 
times of the vibrations are fuppofed to be equal, the 
times of the perpendicular falls down the axes DV, 
and EB muft likewife be equal, inafmuch as they 
have been proved to be proportional to the times 
of the vibrations ; fince therefore, forces which aft 
conftantly and uniformly are to one another as the 
velocities which they generate in any given time, 
the force of gravity which carries a body down DV, 
muft be to the force of gravity which in the fame 
time carries a body down EB, as the velocity acquir- 
ed at the end of the fall down DV, to the velocity ac- 
quired at the end of the fall down EB ; but I proved in 
my lefture upon gravity, that the velocity acquir- 
ed in falling down DV, is fuch as will in a fpace of 
time equal to that of the fall, carry a body thro* a ipace 
CQual to twice DV, that is, thro* a Ipace equal to 

thQ 
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the length of the pendulum CV ■„ and therefore, L e c t. 
the time being given, the velocity inay be cxprefled , _ '_ . 
by the length of the pendulum ; and for the fame 
reafon, the velocity acquired in failing down E B, 
may be exprefled by the length of the pendulum 
AB ; confequently, the force of gravity which 
moves the pendulum C V, is to the force of gravity 
which afts upon the pendulum AE, as the length of 
the former, to the length of the latter. Since there- 
fore, it has been found by experience, that a pen- 
dulum which vibrates in a fecond of time under the 
line, muft be lengthened as it B removed from the 
line, and that more and more as its diftance tliere- 
from increafes ; it is manifeft, that the force of 
gravity is Icfs in the equatorial parts of the earth, 
than in any other, and that it increafes continuall)' 
as the diftance from the line increafes, fo as to be 
greateft under t]ie poles ; in what proportion this 
mcreafe of gravity is made, and from what cauic 
it proceeds, I ihewed in my lecture upon gravity. 

As the feveral parts of the cycloidal arch LV, PI- 5. 
have different inclinations to the plane of the hori- S- '7* 
rf)n, it is evident, from what has been faid con- 
cerning the motion of bodies upon inclined planes, 
that the force which accelerates the motion of a 
pendulum in its defcent from L to V, muft: con- 
tinually vary ; it being greateil in the point L, and 
thence continually lefTening as the cycloidal arch 
Ihortens, till at length in the point V it intirely 
vanifties; and what is particularly remarkable in 
this cafe is, tliat the accelerating forces in the fe- 
veral points of the cycloid, are to one another in 
the fame proportion with tlie cycloidal arches in- 
tercepted between the vertex and the refpecUvc 
points ; for inftance, the force which accelerates the 
pendulum in the point L, is to the force which ac- 
celerates the fame in the point M, as the arch LV, 
to the arch M V. 

For, 
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For, as the points L and M have the fame di- 
reftions with their tangents, the accelerating forces 
in thofe points muft be the fame with the forces 
which accelerate the motions of bodies defcending 
along the tangents -, or becaiifc the chords O V an3 
Oy in chc generating circle are, by the fecond pro- 
perty of the cycloid, parallel to the tangents at L 
and M, as the forces which accelerate bodies in 
(heir defcent upon the chords OV and QV; brat 
forafmuch as thofe accelerating forces z&. conftantly 
and uniformly, they muft be to one another, as the 
velocities which they generate in a given time ; and 
therefore, fince it has been proved, that the chords 
OV and QV are defcribed in the fame time, the 
accelerating forces are as the velocities acquired as 
the end of the defcent along thofe chords -, bat it 
has likewife been proved, that thofe velocities are 
as the lengths of the chords ; confequently, the 
force which accelerates a body defcending along the 
chord OV, is to the force which accelerates a body 
defcending along the chord QV, as OV to QV ; 
but forafmuch as by the third property of the c)^■ 
cioid, OV is one half of LV, and QV one half ot 
MV, as OV is to QV, fo is LV to MV; and 
therefore, the accelerating force along O V, is to the 
accelerating force along QV, as the cycloidal arch 
LV, to the arch MV ; but it has been proved, that 
the acceleratii^ force along OV, is the fame with 
the accelerating force in die point L, and that the 
accelerating force along QV, is the fame with the 
accelerating force in the point M ; confequently^ 
the force at L, is to the force at M, as LV to MV; 
as what has been thus demonftrated of the forces 
at the points L and M, is in like manner demon- 
ftrable of the forces at any other points, fo that in 
a pendulum defcending in the arch of a cycloid, the 
accelerating force is in every point as the length of 
the cycloidal arch intercepted between the point and 

the 
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the vertex ■, or in other words, the force is every 
v/here proportional to the fpace to be defcribed. 

This then being the law of the accelerating force, 
and it having been proved, that the pendulum, 
whether it begins its motion from L or M, or any 
other point in the cycloid, will arrive in the fame 
time at die lowefl: point V ; it follows, that if fe- 
veral bodies, placed at difterent diilances from any 
point or center, begin to move towards it at the 
fame inftant of time, with forces that are every 
where proportional to the diftances from the center^ 
they will all arrive at the center at (he fame inllanc 
of time ; which I thought fi: to mention in this 
place, in order to avoid the trouble of deraonflxat- 
mg the fame, when I come to treat of the motions 
of mufical firings, towards die explaining of whic.^ 
this property will be of ufe. 



LECTURE XL 

Of the Motion of Projects, 



[ A^ '^'^^ Doctrine of Projects, whereof Ilect. 

i X*. intend to treat in this lefture, cannot be XI. 

I righdy apprehended without fome knowledge of the ^— ~v** 
Parabola ; I fliall by way of introduftion Ihew the 
manner wherein that curve is generated, and point 
out fuch of its properties as I fhall have occafion to 
make ufe of in explaining the motion of projects, 
referring you for their demonftrations to thofe au- 
thors who have wrote of the conick feltions. 

If a cone as ABC, be touched by a plane in the ^: ^ 
right line AB, and be cut by another plane parallel S- '■ 
to the former, the curve which arifes from the inter- 
ieftion of the plane with the furface of the cone Is 
called a Parabola ; being fuch as is reprefented in 
Fig- 2, in which the higheft point P is called the PI. 6. 
principal ^"'g- z- 
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L B c T. principal vertex ; the right line CAP pafling thro' 
^ the point P, and perpendicular to the tangent at that 
point, is called the axis \ a right line as DA, drawn 
from any point in the cur\'^e perpendicular to the axis, 
is called an ordinate to the axis •, PA the part of the 
axis intercepted between the vertex and the ordinate, 
is called the abfcijfe to that ordinate \ a right line, 
being; a third proportional to the abfcifle and its re- 
fpcdiive ordinate, is called the principal parameter^ 
or the parameter to the axis ; a right line as DEH, 
drawn from any point in the curve parallel to the 
axis, is called a diameter ; a right line as PE, inter- 
cepted between any point in the curve and the dia- 
meter,* and parallel to B D which touches the curve 
in the point D, is called an ordinate to that diameter \ 
DE the part of the diameter lying between the ver- 
tex D and the point E, is called the abfcijfe to the 
ordinate PE; and a right line, being a third pro- 
portional to the abfcifle DE and tlie refpeftive or- 
dinate EP, is called the parameter to the diameter 
DH, or to the vertex D. 

The fquare of any ordinate divided by the je- 
fpeftive abfcifle, is equal to the refpeftive parame- 
ter ; thus thcfquare of DA divided by PA, or the 
fquare of O Q^ divided by P Q, is equal to the prii> 
cipal parameter ; and the fquare of E P dividad by 
D E, as alfo the fquare of L M divided by D L, is 
equal to the parameter belonging to the vertex D. 
The fquares of the ordinates to the axis,- or to one 
and the fame diameter, are to one another in the 
fame proportion with their refpeftive abfciflfa's. 
Thus, the fquare of D A is to the fquare of OQ2 ^ 
PA to PQj and the fquare of PE is to the fquare 
of ML, as DE to DL. 

In. one and the fame parabola^ the principal pa- 
rameter is the leafl: of all the parameters ; and the 
other paraijfieters increafe, as the difl:ance of their 
vertices from the principal vertex increafes, tho* not 
in the fame" proportion. 

If 
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■ ' If from any point in a fcrahola as D, an ordi- L e c t. 

■ na:e be drawn to the axis, and if from the fame . ^■_ , 
W point a tangent be drawn upward, it will meet the "" 

axis when produced j and AB, the part of the axis 
intercepted between the ordinate DA and the tan- 
gent DB, will be bifefted by P the principal 
vertex. 

Thefe things being premifed ; if a body be 
thrown into any direftion whatever that is not per- 
pendicular to the plane of the horizon, it wiU in 
its motion defcribe a farahcla. 

For the proof of which, let APbe the direftion PJ- 6- 
of the projeiition, which in the 3d Fig. is parallel F'g'3<+» 
to tht horizon, and inthe 4th and 5th inclined there- ^' 
to ; and Jet AE be the fpace which the projeift 
would deftribe in an^ given time by means of the " 
force imprefledj fiippofing it had no motion down- 
ward from the force of gravity j likewife let AB be 
the fpace thro' which it wo^Jd defcend in the given 
time by virtue of its own "grayity, fuppofing it had 
no other motion ■, then compleating tHe parallelo- 
gram ABCE, it is manifeil from what was former- 
ly faid concerning the compofition of motion, that 
at the end of tSe given time, the projeift muft by 
virtue of its double motion, be found in the point 
C ; but, foraflnuch as the motion impreffed in the 
direftion AE is uniform, the fpace defcribed, that 
i»,AE, muft be as the time in which it is defcribed.; 
coff^tiently, AE fquare, or EC fquarc, is as the 
iqiiare of the time ; but AB or EC, which is the 
fpace defcribed in the fame time by the force of 
gravity, is likewife as the fquare of the time, as I 
proved in my leifture upon gravity ; confequently, 
AB is as the fquare of BC -, and therefore, from the 
V nature of the farabolei, the point C thro' which the 
projeft moves, muft be in the curve of Aparabola^ 
■whofe diameter is AB, the vertex A, the point 
from whence the project begins its motion, and the 
parameter 
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-" c T. parameter belonging to that vertex, BC fqxiare di- 

'^^ vided by AB, or A£ fquare divided by EC-, 3nl 

■^ "what has been thus dcmonftrated of the point C, Ifi 

in like manner dcmonftrabte of all the other points 

thro' which the projeift moves -, confequently, thft 

line which it defcribes is & parabola. 

The velocit)- of a projeft in any point of t}itpa~ 
rahola as A, is fuch as a body acquires in falling 
down the fourth part of the parameter belonging to 
that point. For the velocity of the projei5t in the 
point A is fuch, as would carry it from A to E In 
the fame time that a body defcends from E to C ; 
and the velocity acquired in the dc fcent from E t» C 
is fuch, as in the lame fpace of time with that of 
the fall, would carry a body tl.ro' a fpace equal to 
douWe EC -, confequently, that velocity is to thc 
velocity of the projeft in the point A, as twice EC 
to AE, or as EC to 4- AE ; but as EC is to 4 AE» 
fo is the velocity acquired in falling from E to C, 
to the vclocitj- acquired in falling down the tbvirth 
part of the parameter belonging to the vertex A| 
for, by the nature of the parabola^ the parameter 

belonging to the vertex A, is equal to -f~ ; 

wherefore, the velocity acquired in falling from E 
to C, is to the velocity acquired in falling down the 
fourth part of the parameter, as the fquare root of 

EC to the fquare root of ^t-q-» which fquare 

roots are to one another, as EC to 4- AE, as may 
appear by multiplying each into the fquare root of 
EC; fo that the velocity acquired in falling thro' 
a fourth part of the parameter belonging to the 
vertex A, and the velocity of the pro)eft in the 
point A, have one and the fame proportion to the 
velocity acquired in falling from E to C j confe- 
quCTitly, from the nature of proportionals, th(rie 
two velocities muft be equal. 

Hence 
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Hence it follows, that if projefts move through L e c t. 
the fame or different parabolas, the fquares of their ^{^ 
velocities in the feveral points of the parabolas, are ' 
to one another, as the parameters belonging to the 
reipedtive points; for, fince the velocities in the 
feveral points are equal to the velocities acquired in 
falling down the fourth part of the parameters be- 
longing to thofe points, and fince the fquares of 
the velocities acquired in falling down the fourth 
part of the parameters, are to one another as the 
Ipaces defcribed, as I proved in my leisure upon 
gravity, it is evident that the fquares of the velo- 
cities wherewith projefts move thro' the feveral 
points of the parabolas which tliey defcribe, are to 
one another in the fame proportion with the quarter 
parts of the parameters belonging to thofe points j 
but the quarter parts of the parameters being to one 
another as the whole parameters, the Squares of the 
velocities in the feveral points of the parabolas muft 
bear the fame proportion to one another, that the 
parameters do which belong to thofe points. 

Since this is the cafe, and fince by the nature of 
the parabola the principal parameter is lefs than any 
other, and that the other parameters grow larger 
as the points to which they belong are more dift:ant 
from the principal vertex; if aprojeft be caft ob- 
liquely upward, as in Fig. 4. from A towards E, its PI- 6. 
velocity mutt continually decreafe as it rifes and ^^S- 4* 
approaches the uppermoft point P, wherein the velo- 
city being leaft mult thence increafe continually as 
the projed: defccnds and recedes from the point P ; 
and as in one and the fame parabola, where the dif- 
tances of any two points as A and K, from the 
principal vertex P, arc equal, the parameters be- 
longing to thofe points arc likewife equal ; it is ma- 
nifeft, that a projedt mull have equal velocities in 
thofe points ; and of confequence, fetting afide any 
di&rence which may arife from the refiftancc of the 
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L E c T. air, the projcft will, cateris paribus^ ftrike a mark 
j^ as forcibly in the point K as it does at its firft fct- 
ting out in the point A. 

The velocity wherewith a projeft is thrown being 
given, the velocity thereof in any point of the curve 
may be thus determined. In the parabola of Fig. 3. 
let the axis B A be continued upward to D, fb as that 
DB may equal the height from which a body muft 
fall, in order to acquire the fame velocity where- 
with the projeft fets out from G ; then from any 
point in the cur\''e taken at pleafure as K, let the 
horizontal line KL be drawn, and the velocity of 
the projeft in the point K, will be to the velocity 
wherewith it began its motion from G, as the fquare 
root of DL, to the fquare root of DB. For, in 
my lecture upon gravity, I proved, that if a body 
be thrown direftly upward from B towafds D, with 
tlie flime velocity that it acquires in falling from 
D to B, it v/ill in any point of its afcent as L, have 
the fame velocity that it would acquire in fulling 
from D to that point •, but the velocity acquired in 
the dcfcent from D to L, is to the velocity acquired 
in the defcent from D to B (which velocity is by 
fuppofition equal to the velocity wherewith the bo- 
dy is thrown up) as the fquare root of DL, to the 
fquare root of DB •, and by the eighth Frop. of my 
lall lefture, the velocity of the projeS at K,is the fame 
with the velocity at L ; confequently, the velocity 
thereof at K, is to the velocity wherewith it fet out from 
G, as the fquare root of DL, to the fquare root of DB. 
Whence it follows, that if DB be equal to 1 600 
feet, and DLto 400, the velocity of the projeft at K, 
is but one half of the velocity which it had at its fet' 
ting out from G ; and if DL be equal to 900 feet, 
then is the velocity at K, three fourths of the velo- 
city at G ; fo that a projeft being thrown oblique- 
ly upward with fuch a velocity as would carry it to 
the height of 1 600 feet if thrown direftly upward. 

Will 
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will lofe 3 fourth part of its velocity by the time it L b c t. 
has rifcn to the perpendicular height of 700 feet, '^'■ 
and one half of its velocity when it has rifen 500 ^"^~ 
feet more. 

The velocity wherewith a projeft is thrown from 
any given place being given, asalfothe pofition of 
a mark, the directions wherein the projetH: muftbe 
thrown, in order to hit the mark, may be determin- 
ed in the following manner. 

Let A be the place from whence the projefl: is PI. 6. 
thrown, C the mark fitiiated in the line AC whofe Fig- 6. 
length is given, as alfo the angle CAB, which it 
makes with the horizontal line AB-, at A ereftthe 
perpendicular AP, equal to the parameter belong- 
ing to the point A, which parameter is given, in- ■ 
afmuch as the velocity wherewith the projeft is caft 
from the point A is given ; for it is equal to four 
times the height from which a body muft fall in " 
order to acquire that velocity. Let AP be bifefted 
by the line KH, cutting it perpendicularly in G-, 
at A ereifl AK perpendicular to AC, and let it be 
continued till it meets KH. From the point of con- 
courfe K, with the radius KA, let the circle AHP 
be defcribed. This being done, let a right line as 
BCEI, be ereifbed perpendicular to the horizontal 
line AB, fo as to pafs thro' the mark C, and if 
poffible to cut the circle in two points as E and I ; 
AE and AI are the two diredions, in either of 
■which, the projeft being caft with the given velocity, 
will hit the mark. 

For, drawing the lines PE and PI, the angles 
. CAE and APE are equal, from the nature of the 
' circle j and from the nature of parallel lines, the 
V angles CEA and EAP are equal ; confequcntly, 
I the triangle AEC is fimilar to the triangle PAE % 
I and therefore, PA is to AE, as AE to EC ; where- 
, multiplying the extremes and means, and dt- 

riding by EC, PA is equal to -—. In like man- 
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L E c T, ner, the triangles PAI and CAI being fimihr, PA 

is equal to -r^. Wherefore, fince PA is equal 

to tlie parameter at the point A, it follows^ from 
the nature of the parabola^ that thofe parabdas 
which the projeft defcribes when thrown in the di- 
rcftions AE and AI^ muft oafs thro* the point C ; 
confcqucntly, the mark will be hit by a project 
thrown in either of thofe directions. 

Whenever the mark is placed at fuch a diftance 
from A on the line ACM, fuppofe at M, as that the 
perpendicular NMH which pafles thro' the mark, 
becomes a tangent to the circle atH, the mark. is 
then at the utmoft limit on the line AM^ to which 
a projeft thrown with the given velocity can reach» 
and there is but one direftion, to wit AH, where-' 
with the mark can be hit j for it is evident, that any 
other direction mult terminate in fome point of the 
circumference above or below the point H ; whence 
if a perpendicular be let fall to the horizontal line 
AN, it mull of necefTity fall on this fide of HN 
with refpeft to A, and of confequence, cut the line 
AM in a point lefs diftant from A than is the 
point M. 

The line AH, which denotes the direction of the 
projeft, when thrown to the greateft diftance pot 
fible on the line AM, bifefts the angle PAM, 
which mealures the vifible diftance between the ze- 
nith or vertical point P and the mark M. For, by 
the nature of the circle, the angle MAH is equal ■ 
to the angle H P A •, and forafmuch as in the tri- 
angles HPG and HAG, the fides PG and AG are • 
equal by conftruftion, and GH common to both, 
and the angles at G right ones, the angle HPG is 
equal to HAG, confequently, HAG or HAP is 
equal to MAH, that is, the angle P AC is bifeftcd 
by the line AH. 

If 
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If the line ACM be fitiiated below the horizontal L e c t. 
line AN, which is the cale when the mark is feated , 5^1 , ^ 
on a ddcent, let all things be conftrufted as before, p|_ g_ 
and the fame things will obtain j to wit, A I and F.ig. 7. 
AE, will be the direftions necefTary to hit the mark ■ 
at C -, and the line AH will bifeft the angle PAM, 
which meafures the apparent diftance between the 
zenith and the mark -, and the point Mwill be the 
utmoft limit on the line AM, of a project thrown 
with the given velocity -, the demonftrations of 
which are eicaflly the fame as in the foregoing 
cafe. 

If the mark be placed on a level, the line ACM 
will coincide with the horizontal line ABN, and f'- ^■ 
. the parameter AP, will pafs thro' the center of the '^' 
circle and become a diameter, the points K and G 
coinciding. 

In this cafe, the horizontal diftance of the mark, 
to wit AC or AB, is as the fine of the doiibleci 
angle of elevation ■, or in other words, the hori- 
zontal range, or the diftance to which a project is 
thrown on the plane of the horizon -with a given 
velocity, is as the fine of the doubled angle ot ele- 
vation. 

For AC, the hoiizontal range of a projeft thrown 
■with a given velocity in thedireftion AE, is equal 
to DE, the fine of the angle AKE ; but, from 
the nature of the circle, the angle AKE is double 
the angle APE, which is equal to CAE, the angle 
of elevation ; confequently, A C, the horizontal 
diftance of the mark, or the diftance to which a 
prqjeft is thrown on the plane of the horizon with 
a given velocity, is as the line of the doubled angle 
orelevation. 

Hence it follows, that in order to throw a pro- 
jeft with a given velocity, to the greateft diftance 
poflible on the plane of the horizon, the dire6tio;i 
of the projedtion muft be elevated in an angle of 45 
degrees -, for, fince the fine of twice 45 or 90 de- 
N 2 grecs 
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L,E c T. grces is equal to the radius, and of confequence, the 
fL . Rreateft of* al! the fines j and fince the horizontal 
^~ ranges at the feveral angles of elevation are to one 
another, as the fines of the doubled angles of ele- 
vation, it is manifell, that the greateft range, or as it 
is ufually called by gunners, the greateft random, 
niuft be when the projeft is caft in a direftion whofe 
elevation is 45 degrees ; moreover, the greateft ran- 
dom is ever equal to one half the parameter at the 
point from which the projetftion is made ; for the 
line AM, which exprelfes the greateft random, is 
equal to the radius KH, or halt the diameter AP, 
which by the conftruifVion, is equal to the parame- 
ter belonging to the point A ; fo that where the 
velocity with which a proje(5l is thrown is given, the 
utmoll diftance which that projeft can reach on the 
horizontal plane, is likewifc given ; for it is equal 
to twice the height, from which a heavy body muft 
fall in order to acquire the vclociiy wherewith the 
projcft is thrown -, the parameter belonging to the 
point A, Jiaving been already proved equal to four 
times that height. 

A fecond confequence of the horizom;^ ranges 
being as the fines of the doubled angles of elevation 
is, that if two projefts be thrown with equal velo- 
cities, in direftions whofe elevations are equally dif- 
tant from 45 degrees above and below, for inftance, 
if the elevation of one be 60 degrees, and thai of 
the other 30, whereof the former exceeds 45 de- 
grees, and tlie latter falls fliort thereof by 1 5 de- 
grees, the horizontal ranges will be equaJ, or, in 
other words, the two projeifbs will fall on tlie plane 
of the horizon, at the fame diftance from the pUce 
of projeftion ; for as the fum of any two arches of a 
quadrant, whereof one exceeds 45 degrees, as much 
as the other is exceeded thereby, is equal to a qua- 
drant, it is manifeft, that two fuch arches are com- 
plements to each other -, wherefore, fince by the na- 
ture of the circle, the fine of a doubled arch is equal 
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to the fine of its doubled complement, the fines of L e c 
the doubled angles of two elevations equally diftant ^^■ 
from 45 degrees above and below, muft be equal i " 
and fo of confequence liiuft the horizontal ranges 
which are proportional to thofe fines. And thus it 
would conftantly be, were it not for two caufes which 
do in fome meaiure difturb this law of pfojeifts, lb 
as to make the horizontal ranges of the higher ele- 
vations to fall Ihort of thofe of the lower. 

The firft of thefe difturbing caufes is the air, 
which as it refifts, and thereby retards the motions 
of projefts, mult, ceteris paribus, cauft a greater 
retardation in thofe motions which are of longeft 
continuance ; confequently, fince the higher the 
elevation of the direftion is, the longer is the time 
of the projeft's motion, as Ihall be fhewn hereafter ; 
if the direftions wherein two projefts are caft with 
equal velocities, be equally diftant from 45 degrees, 
the one above and the other below, the project which 
is thrown in the higher direftion, will be more re- 
tarded than that which is thrown in the lower ; and 
of courfe, will fall on the plane of the horizon at 
a lefs diftance from the place of projeiftion. 

The fecond difturbing caufe, obtains with regard 
to fuch projects only as are thrown by the force of 
gun-powder. As the force of the powder a<5ts upon 
the ball during its continuance in the barrel, fo does 
■it likewife to fome dlftanCe beyond the muzzle j 
and by fo doing makes the ball to move forward in 
a right line, which line is commonly called the line 
ef impulfe of fire ; at the end of which, the ball 
quitting the blaft of the powder, begins to move in 
the curve of a parabola. 

Now, tho' the air gave no refiftance to projects, 
yet muft the liorizontal ranges of a ball Ihot out of 
the fame piece with equal charges, in two dire(^ion3 
equally diftant above and below 45 degrees, bedif- 
.ferent on account of the different diredibns of the 
N 3 line 
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L E c T. line of impulfc of fire ■, for, let us fuppofc a gim 
'J^' at A, to difcharge two equal balls with equal quan- 
pj_ g_ tkies of powder, one in the direiftion AB, and thte 
Fig. 9- other in the dircftion AC, AB being as far above 
45 degrees, as AC is below it ; and let AB and AC 
denote the lines of impulfe of fire, fo that at Band 
C the balls will begin to move in parahoHck curves ; 
from which points let fall the perpendiculars BD 
and CE; it is manifeft, that AD, which is ths 
fine of the complement of the higher elevation, 
will denote that part of the horizontal range which 
is owing to the line of fire, when the projeifl is 
thrown according to the liigher elevation ; and 
AE, the fine of the complement of the lower ele- 
vation, will be that part of the horizontal dlftance, 
which is owing to the line of impulfe when the 
projeft is thrown according to the lower eleva- 
tion i confcquently, fince the fme of the com- 
plement of a lefler angle is ever greater than that of 
a larger angle, the horizontal range of the lowef 
elevation muft exceed that of the higher, fo that 
■where projects are thrown with the fame velocity by 
the force of powder, in directions equally dillant 
above and below 45 degrees, thole muft range far- 
theft which are thrown according to the lower ele- 
vations, as well on account of the line of fire, aa 
of the refiftance of the air. 

The altitude to which a projefl rifes, is as the 
verfed fme of the doubled angle of elevation ; for- 
PI- 6. the proof of which, let AE be the direction of the' 
I'^S-S. projeftion, and let AC or AB be bifefted in T, 
and from the point of bifeftion ereft the perpen- 
dicular TR 5 fince the point T is equally diftant 
from A, where the projeft begins its motion, and 
from B, where the motion of the projeft ceales, 
TR will be the axis of the parabsla which the pro- 
je(5t defcribcs ; and, from the nature of the perdhela^ 
will be bifeded in V by the principal vertex ; 
where- 
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wherefore, TV will be the height to which the pro- L e 
jeifl riles; but, from the nature olTitnilar triangles, . ^ 
fince AT is one half of AC, TR is likewife one 
half of CE, and confequently, TV one fourth of 
CE; wherefore, from the nature of proportionals, 
TV is as CE; but CE is equal to AD the verfed 
fine of the angle AKE, which by the nature of the 
circle, is double APE; and APE is likewife, by 
the nature of the circle, equal to BAE the angle 
of elevation ; wherefore, T V, or the height to 
which the projeft rifes, is as CE the verfed fine of 
the doubled angle of elevation ; hence it follows, 
that the greater the elevation is, the higher the pro- 
jefl: will rife, inafmuch as the verfed fines of the 
doubled angles of elevation increate continually with 
the elevation, till at length the elevation becoming 
perpendicular, the verfed fine of the doubled eleva- 
tion becomes equal to the diameter, which being the 
greateft of all the verfed fines, the altitude of the 
perpendicular projetflion muft likewife be greateft ; 
and it is equal to one fourth of the parameter ; for, 
I I (hewed you in my lefture upon gravity, that if a 
body be thrown up with any velocity, it will rife to 
the fame height, from whence if it fell from a ftate 
of reft, it would by tlie end of the fall acquire the 
fame velocity wherewith it is thrown up ; and in 
this lefture I proved, that the velocity wherewith 
a projeft moves in any point of the parabola, is equal 
to the velocity acquired by a heavy body in falling 
down the fourtli part of the parameter belonging to 
that point ; confequently, a project thrown up with 
a given velocity from the point A, will rife to a 
height equal to the fourth part of the parameter be- 
■ longing to that point. Hence it appears, that the 
greateft height of the perpendicular projeftion, b 
equal to half the greateft random, inafmuch as the 
greateft random has been proved equal to half the 
parameter belonging to the point A, 
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L B c T. The time of the flight of a project thrown with 
j^^;^ a given velocity, is as ihe ftne of the angle of elc 
' " ^''"""^ vaiion : for Inltance, the time of the flight of a pro- 
jcift tlirowji with a given vflocity in the direftion 
AE, is as the fine of CAE, tlie angle of elevati- 
on 1 for fince the project moves thro' the curve of 
2. parabola from A to C, by virtue of its uniform 
motion in the direftinn A E, and of its accelerated 
motion in the diredion EC, it is evident, that the 
time of its flight tliro' the parabola, mufl be equal 
to the time of its viniform motion from A to E; 
but as die velocity is given, the time of the motion 
from A to E -, muft be as ilie fpace defcribed, that 
is, as AE ; or by the nature of proportionals, as one 
half of AE 1 but AE being the chord of the arch 
AE, which meafures AKE, the doubled angle of 
elevation, one half of AE is equal to the fme of 
half the arch AE, that is, to the fine of the arch 
which meafures CAE, the angle of elevation ; con- 
fequently, the time of the flight is as the fine of the 
angle of elevation, Hence it follows, that the 
greater the elevation is, the longer the time of the 
flight, will be ; as alfo that the time of the perperv- 
dicular flight is greatefl; of all, the fine of the per-. ' 
pendicular elevation being equal to radius. I 

If the velocity wherewith a projcift is thrown be 1 
required, it may be determined from experiments I 
in the following manner 1 by tlie help of a pendulum 
or any other exaft chronsmeter, let the time of the : 
perpendicular flight be taken ; then, forafmuch as 
the times of the afcent and defcent are equal, the 
time of the defcent muft be equal to one half of the 
time of the flight, confequently, that time will bej 
(inown ; and, forafmuch as a heavy body del'cends 
from a ftate of reft at the rate of 1 6 feet in the firft 
fecond of time, and that the fpaces thro' which bo-^ 
dies defcend aie as the fquares of the times ; if wc 
fay, as one fecond is to fixteen feet, fo is the fquarel 
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of the number of feconds which exprds the time of L e c x. 
the defcent of the projefl:, to a fourth proportional, J^^ , 
we fhall have the number of tet-t thro' which the '~^~ 
projeft fell, which being doubled, will give us the 
number of feet which the projefl: would dclcribc in 
the fame time with that of the fall, fuppofing it 
moved with an uniform velocity, equal to that 
which it acquired by the end of the fall ; which Jaft 
found number of feet, being divided by the num- 
ber of feconds which exprefs the time of the pro- 
jeft's defcent, will give a quotient, exprefling the 
number of feet thro' which the projeft would move 
in one fecond of time with a velocity equal to that 
which it acquired in its defcent, which velocity is 
equal to the velocity wherewith the projeft was 
thrown up ; confequently, the velocity wherewith 
the projeft was thrown up is difcovered. To illuf- 
trate this by an inftance, let us fuppoie Jialf the time 
of the perpendicular flight to be S feconds •, then, 
as one is to 1 6, fo is 64, the fquare of 8 feconds, to 
1024 ; which being doubled, and then divided by 
8, gives 256 in the quotient ; which Ihews that the 
projeft was thrown upward with luch a velocity as 
would carry it, fuppofing it moved uniformly, at the 
rate of 256 feet in one fecond of time; 

Perhaps it may be objefted, that the method here 
laid down for difcovering the velocities of projefts, 
is founded on experiments in which projefts are fup- 
pofed to move freely without any let or impediment, 
whereas the air refills and retards all projefts in their 
motions, fo as not to fufFcr them to rife to the fame 
height, or to return with the fame velocity, that 
they would in cafe they moved in vacuo ; in anfwer 
to which it muft be confefied, that in the experi- 
ments here made ufe of, the air docs refift and im- 
pede the motions of projefts, fo as to Ihorten their 
afcent, and to leflen the velocity of their return ; 
tut then this does very little alTeft the truth of 

the 
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I* E c T. the conclulions which are gathered from theie ex- 
J^ periments concerning the velocities, wl^rewith prft- 
jefts begin their motions ; for, as in the method 
laid down, the only thing neceflarjr to be known 
from experiment, is the true time of the flight of a 
projeft, fuppofing it to move in vacuo ; if . that 
time can be had from thefe experiments^ the velo- 
city wherewith the projeft fets out may be righdy 
determined, notwithftanding the refift^ce or the 
air ; but the time of the flight of a prcjeft thrown 
direftly upward, is very nearly the fame in vacuoy as 
in the air ; for, as much as the time of a projed's 
aicent is fhortened by the refiflance of the air, i^ 
much very nearly is the time of its defcent length- 
ned by the fame rcfiftance, confequendy, the whole 
time of the flight in air muft be very nearly equal 
to the dme of the flight in vacuo \ and therefore, 
the time of the flight in vacuo is gpt, by taking^^ 
the time of the flight in air. 



Degrees. Sines. Ver fed fines. 

30 50 13 

45 70 29 

60 86 51 

50 100 100 

120 148 



Experiments 



ft 


Of the motion of PROJECTS. 193 


Experiments concermng frojeSls made with a fmall^^f^'^- 


morlar, the length of whofe chafe was t^^ inches ; . *'' ^ 


the diatneier ef the ball and chafe ^T inches ; weight 


of the hollow hall 23000 grains; length cf the 




chamber 2 inches, and Us ifiar/ieter i- ineh. 
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LECTURE XII. 

Of HVDROSTATICKS. 

N this Icfture I (hall give you an account of the 
_ gravitation and prefllire of water, and fuch 
other FLUIDS, as are commonly called liqjjios. 

A fitiid in general is a body, whole parts yield to 
any force imprelTed, and in yielding are eafily 
moved one among another. 

The minute particles of flnids do not fettn to 
differ from thofe of folid bodies ; inafmuch as fluids 
and folids are frequently converted into one ano- 
ther. Thus water and watery fluids are by cold 
changed into ice ; which by heat is again reduced 
t6 iC9 fluid ftate. Metals of all kinds being melted 
become fluid, and upon cooFing grow folid again. 
The moft folid and ponderous wiwds, as alfo the 
hardell ftones, may by the force of fire in a great 1 
meafure be converted into water, as is well known 
to the chymifts. And there are not wanting in- 
(tances in nature of the groflelt bodies being turned [ 
into the fubtile fluids of air and light, and thefe I 
again into grofs bodies. Which changes can fearce- | 
iy be accounted for, unlefs we fuppofe the minute 
particles of fluids to be of the fame nature with thofe 
of folid bodies. But be this as it will, moil certain 
it is, that fluids as well as folids confift of heavy 
particles, whofe gravity is ever proportional to the 
quantity of matter which they contain. This hav- 
ing been found as far as experience reaches to be the 
univerfal property of matter, whatever be the forrp 
under which it appears. Moft indeed of tlie an- 
tient naturalifts, not being fenfible of any weight ofr 
prefTure from the air about them, or from the in- 
cumbent water when immerfed therein, were of opi- 
nion, that the parts of one and the fame element 

did 
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did not gravitate one upon another -, which opinion L e c t. 
has been exploded by the moderns as erroneous ; , ^- 
and tliat it is fo, will appear from tlie following 
experiment. 

Let an empty phial clofe {topped and immerfed Exp. i. 
in water, be fufpcnded from one end of a balance 
and poifed ; then let the ftopple be taken out, that 
the water may run in, the phial upon receiving the 
water will preponderate, a'nd bear down the arm of 
the beam from which it hangs -, which evidently 
proves, that the parts of water retain their gravity 
in water, fo as to prefs and bear down upon the 
parts beneath them ; otherwife the phial would not 
become heavier upon the admiffion of the water. 

From the gravity of the parts it follows, tliat 
fetting afide all external impediments, the furface 
of a liquid contained in a velTel muft be fmooth and 
level 1 for Qiould any pare ftand higher than the 
reft, it muft defcend by the force of its gravity, 
and ih fo doing, fpread and diffiife itfelf till it 
comes to be on a level with the other parts. As the 
gravity ot the parts reduces the upper furface to a 
level, fo does it likewife occafion a prelTure on the 
lower parts, greater or lels in proportion to their 
depth below the furface, each part fuftaining a 
preflure equal to the weight of all thofe which lie 
above it -, whence it follows, that the parts which 
are at equal deptlis below the furface, are equally 
preflcd, and of confequence muft be at reft, contra- 
ry to the opinion of thofe, who make the nature of 
fluidity to conftft in the conftant aiftual motion of 
the parts one among another. Should this equality 
of preiTure at anytime bedeftroyed, then indeed a 
motion will arife in the parts of the fluid, and con- 
tinue till the prcfTure becomes equal again, as may 
appear from the following experiment ; whereby 
the truth of what has been faid concerningthe pref- 
fure of the fuperior parts of fluids on thofe beneath 
them, will likewife be confirmed. 

Take 
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L E c T, Take a. glafs tube open at both ends, and ftop- 
y^ . ping one end with a finger, immerge the other in 
^^p~^ water to any depth whatever ; upon the immerrion, 
the water will rife in the tube, but the height to 
which it rites, whilft the upper orifice continues (top- 
ped, will be but fmall ; but upon removing the fin- 
ger, it will rife to the fame height with the water 
without *. 

When the tube is immerfed, that portion of wa- 
ter which lies beneath the orifice ceafes to be equal- 
ly prefled with the other portions that are at the 
fcime depth ; for that portion bears no other pref- 
fure than what arifes from the fpring of air includ- 
ed in the tube, (which prefTure is equal, as (hall be 
ftiewn hereafter, to the prefTure arifmg from the 
weight of the external air) whereas, the other por- 
tions do not only bear the preflure of the air, but 
likewife the weight of the incumbent water ; foraf- 
much therefore, as the portion of water which lies 
beneath the orifice, is prcfied down lefs forcibly than 
the adjacent portions, it mult give way and rife in 
the tube 1 but the height to which it rifes, whilft the 
. upper orifice of the tube continues ftopped, can be 
but fmall ; becaufe, as the water rifes it comprefles 
the air in the tube, and thereby ftrcngthens its fpring, 
lb as to make it prefs with greater torce -, and when 
the air is fo far compreffed by the rifing water, as 
that the force of its Ipring, added to the weight of 
the elevated water, makes the fame prefllire on that 
portion of water which lies beneath the orifice, a$ 
the joint weight of the atmol'phere and external 
water does on the other portions, which are at the 
fame depth with the former, then the water ceafes 
to rife. Upon opening the upper orifice of the 
tube, by the removal of the finger, the compreffed 
air finding a pafthge thro' that orifice, expands and 
dilates itfelf till it becomes of an equal denfity with 

" The water is tinged of a fine blue purple colour with a 
levf grains of Sat Armoniack and Copper. 

the 
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the external air ; by which means, the preflure arir- L f c r. 
ing from the condenfation of the air is taken off, ^^■ 
and of confequence, the water which lies beneath ^ "-*■ 
the orifice is lefs prefled thaii the adjacent portions, 
and for tliat reafon miift rife, and continue lb to do, 
till the elevated water in the tube gravitates as for- 
cibly on the water beneath the orifice, as the exter- 
nal water does on the neighbouring portions j but 
iliis it cannot poflibly do, till it comes to be of an 
equal height with tlie external water. 

Should a lighter liquid be poured on the external 
water, the water within the tube will rife yet high- 
er than before ; and the height to which it rifts 
above the furface of the external water, will be fo 
much lefs than the height of the lighter liquor above 
the fame furface, by how much the fpecifick gravi- 
ty of the water exceeds that of the lighter liquor ; 
for inftance, if the fpecifick gravity ot the water be 
to the fpecifick gravity of the lighter liquor, as two 
to one, the height of the water in the tube above the 
level of the external water, will be to the height of 
the lighter liquid, as one to two ■, becaufe in that 
cafe, one part of water makes an equal preJTure with 
two parts of the lighter liquid. To illullrate this 
by an experiment. 

Let oil of terpentine, whofe fpecifick gravity is Exp. 3. 
to the fpecifick gravity of water, as S 3 to 1 00, be 
poured on the external water to the height of eight 
inches and an half, and the water will rife in the 
tube to the height of 7 inches and -^V above the le- 
vel of the externa] water, that is, the heights of 
the water and oil will be in the reciprocal propor- 
tion of their fpecifick gravities ; for 7 and VV is to 
8 and 4, or, which is the fame thing, 73 is to 85, 

' very nearly, as 8^ to 100. 

I The fame thing is in like manner confirmed by 

- the following experiment. 

Let one end of a fmall tube open at both ends, E*P- 4- 

r -be immerfcd in mercury contained in a larger tube, 

t" and 
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T. and let water be poured upon the mercury in 
larger nibe to the height of ^4 inches ; the mercu- 
ry will rile in the Imaller tube to the height of two 
inches and an half above the level of the mercury 
in the larger tube ■, lb that the height of the nier- 
cury in the fmaller tube above the level of themer- 
ciiry in the larger, will he to the height of the wa- 
ter above the fame level in the reciprocal proportion 
of their fpecifick gravities -, for 2^ is to 34, as 1 to . 
13!^, which numbers cxprcfs the proportion of the 
fpecifick gravity of water to that of mercury. 

Thr preflure which the lower parts of a liquid 
fuftain trom the weight of thofe which lie above 
them, exerts itlelf every way in all manner of di- 
rections, and that equally ; or in other words, what- 
ever be the force wherewith a drop of any liquid is 
preficd downward by the weight of the incumbenc 
liquid, with the very fame force is that drop preffcd 
upward, as alio laterally and obliquely, and in a 
word, in all kind ot dircftions whatever ; othcrwile 
the drop, which from the nature of fluidity, readily 
yields and gives way to any impreffion, muft by 
rcafon of the preffure from above move out of its 
place ; but this it cannot poUibly do, becaufe the 
drops all around if being equally prefled from above, • 
do on all fides refill the motion of that drop, with 
tlie fame force that it endeavours to move -, conie- 
quently, the drop mult continue at rell, and be 
prefled on all fides with the fame force that it is 
from above ; and what has been thus proved of one ■ 
drop, is in like manner demonftrable of all the reft ; ' 
and therefore, the prefltire on the lower parts of a ' 
liquid exerts iifelf equally e\'ery way, as will ap- 
pear from the following experiment. 

Let four lubes open at both ends be immerfcd in 
water to the fame deptli, their upper orifices being 
lirfl: ttopped, and let the lower orifices be fo fituat-- 
ed, as that the water in entring may move directly 
upward in one, and directly downward in another, ■ 
obliquely 
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obliquely in a third, and horizontally in the fourth ; L e c t. 
upon opening the upper orifices, the water will rife ,5JIl. 
in all of them to the fame height with the external ' 
water,-as being prefied in the fcveral diredions with 
a force equal to the weight of the incumbent 
water. 

From the preflure of liquids upwards it is, that 
folid bodies fpecifically lighter than liquids, are 
made to afcend when immerfed therein. For when 
a folid body is immerfed in a liquid, it prelfes that 
part of the liquid whereon it refts, with a force equal 
to the weight of a column compofed of the body it- 
felf, and that portion of liquid which lies upon it ; 
and the water preffes upward againft the body, with 
a force equal to the weight of a like column of the 
liquid alone ; which force, inafmuch as the liquid 
is heavier than the folid, muft overcome the force 
wherewith the body preffes downward, and of con- 
fequence, the body muft rife with the difierence of 
fhofc forces -, as (hall be Ihewn more fully in my , 
next lecture. If by any contrivance the preffure of 
the liquid from beneath can be taken off, a body 
tho' fpecifically lighter will not rife in a liquid, 
but remain immerfed, as in the following experi- 
ment. 

A brafs plate being joined to one end of a cylin- Exp. 6. 
drical piece of wood, and another plate of the fame 
fize and (hape being fixed in water ; let the cylin- 
der be totally immerfed, and let its plate be laid 
upon the other in fuch a manner, as that no water 
piay get between ; the cylinder tho' fpecifically 
lighter will remain beneath the water, being preffed 
down by its own weight and that of the incumbent 
water, whilft the contrary preffure of the water from 
beneath, is kept off by means of the plate whereon 
the cylinder- refts. 

As bodies fpecifically lighter than liquids, are 

forced up, on account of the preffure from below 

being- greater than the force wherewith the bodies 

O prcfs 
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Lt cr. prefs downward ; fo on the other hand, bodies (pc- 
■ ^ '^ cifically heavier mull fink, becaiife the tbrce whae- 
*~'^with ihcy prefs downward exceeds the preffure from 
beneath which oppofcs their delcent -, and the force 
wherewith they defcend is equal to the difference of 
thofe forces ; as (hall hkewife be iKewn in my next 
leflurc. If by any contrivance thofe two forces 
can be reduced to an equality, then the bodies will 
not defccnd, but remain Ilifpended in the liquid \ 
as in the following experiment. 
^P- 7- Let a brafs plate, whofe fpecifick gravity is to 
that of water, as 9 to i, be adapted to the neck of 
a glafs vt-fTel in fuch a manner, as that being im- 
merfcd in water no part ot the water may get up- 
on its 4.ipper furface ; let it then be imnierfed to the 
depth of nine times its own thicknefs, (that is, to 
the depth of 2 inches and tVj the thicknefs of the 
plate being -iV of an inch) and it will remain fiif- 
pended ; but upon pouring ever fo little water upoa 
its upper furface, it will immediately defcend and 
fall to the bottom. 

The plate being immerfed to the depth of nine 
times its own thicknefs is pretTed upward by a force 
equal to the weight of a column of water, whofe 
height is nine limes as great as the thicknefs of the 
plate ; which weight, inafmuch as the fpecifick gra- 
vity of the water is to that of the plate, as 1 to 9,1 
is equal to the weight of the plate, that is, to thB' 
force wherewith the plate prefles downward ; for aSi 
none of the water lies on its upper furface, it carj: 
prefs downward with no other force than what arife* 
from its own gravity -, confequently, in this cafe,j 
the force which refills the defcent, is equal to thfti 
force which promotes it, and of courfe, the plato; 
muft remain in its place. When a little water is- 
poured on the plate, the weight of that added to thftj 
weight of the plate, overcomes the refifting force 
Exp. S. of the water, and caules the plate to defcend. Should] 
the plate be immerfed to twice the former depthi^ 
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it will not defcend tho' loaded with water to the L e 
height of nine times its own thickrlefs ; for as in ^ 
this cafe, the depth to which it is immerfed is 
double the former, lb likewife is the force where- 
with the water prelTes upward -, conlequently, that 
force is fufficient to fupport twice the weight of the 
plate, and therefore will fuftain the plate when load- 
ed with water, to the height of nine times its owrt 
thicknefs, fuch a quantity of water being jufl: equal 
in- weight to the plate. 

If by pouring on more water, the force where- 
with the plate prefles downward be increafed, or by 
raifing the plate nearer to the furface of the waterj 
the force wherewith the water prefles upward be di- 
miniihed, the plate will fall to the bottom ; and ori 
the other hand, if by immerfmg the plate to a 
greater depth, t!ie preffure of the water upward be 
increafed, the plate will be thrufl: upward againft 
the glals, and would actually afcend were it not 
hindered by the glafs. ■ 

From what has been faid it follows, that if S be 
put to denote the number expreffing the fpecifick 
gravity of the plate, that of water being unity ; D 
be the depth to which the plate is immerfed ex- 

Erefled in the thicknefs of the plate, and H the 
eight of the water upon the plate exprefled likewife 
,in the thicknefs of the plate ; D muft be equal to the 
fum of S and H in all cafes where the plate remains 
fufpended i and if there be no water upon the plate, 
then D and S muft be equal ; wherefore, if in the 
former cafe, D be greater than S and H taken to- 
gether, or in the latter^ than S alone, the plate will 
afcend if not hindered by the glafs ; and on the 
other hand, if D be kfs, the plate will defcend and 
fall to the bottom. 

The preffure which the bottom of a veffel fuf- 
tMns from a liquid contained in it, whatever be the 
Ihape of the veflel, is equal to the weight of a pil- 
lar of the liquid, whofe bafe is equaHo the area of 
O 2 -^' the 
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L E c T. the bottom, and whofe height is the fame ■with the 
, ^^' . perpendicular height ot'ihe liquor. 
' ^"' That this is the cafe in veffels that are equally 
wide from top to bottom is plain and obvioiis; in- 
afmuch as the bottom of every fiich vefTel does ao 
tually I'uftain fuch a pillar of liquor. But that the 
tafe fliould be the fame in irregular ve0cls, is not 
fb eafy to conceive i for inftance, that in a veflel 
which from a large bottom grows narrower as it 
rifes, fo as perhaps at length to be contracted into 
a tube, the bottom Ihould bear the fame prcOure 
when the vciTcl is filled, as it would were the veflel 
equally wide throughout from bottom to top, fecms 
ftrange and furprizing, and yet it is what neceflari- 
ly follows from the nature of fluidity -, for that part 
of the bottom which lies direftly beneath the tube, 
fullainstheweightof apillaraf liquorwhich reaches 
to the top of the tube, the veflel being fuppofed to 
be full, and being prefled with the weight of that 
pillar, reafts with an equal prelTure on that portioa 
of the liquor which touches it-, and that pref- 
fure, inafmuch as it exerts itl'elf equally in the li- 
quor every way, is propagated laterally thro' the 
fcveral portions of liquor which are contiguous to 
the bottom of the velTcl ; and forafmuch as this la- 
teral preflure does in like manner exert itfelf equal- 
ly every way, the bottom of the veflel muft be e- 
qually preffed in every point ; confequently, fince 
that portion of it which lies beneath the tube, bears 
a preflure equal to the weight of a pillar of liquor, 
whofe height reaches to tlie top of die veflel, every 
other equal portion mult bear a prefliire equal to 
the fame weight ; and of courfe, the whole bottom 
muft be prefled as forcibly, as if the veflTel conti- 
nued of tlie fame widenefs to the top, and was fill-* 
ed with the liquor. 
Exp. 9. To confirm this by an experiment. Let there 
PI. 6- be two glafles open at both ends, and of fuch fiiapes 
J jg- 1°' as are.exhibited in the t\vo figures, whofe lower parts- 
4 
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MN are cylindrical and equal, and of a capacity L ^ 
juft fufficicnr to admit the brals plate made ufe of 
in the laft experiment •, which muft be fitted to each 
of them fiicce/Tively, in order to conflitute two vef- 
fels of equal bottoms, bin of different capacities j 
and being fo fitted, let it be immerfed in water, 
as in the lafl: experiment, to fuch a depth, as that 
it will be neceffary to load it with water in order 
to make it fink; that is, let the depth be more 
than nine times the thicknefs of the plate, which 
depth muft be the fame in both cafes ; let then 
■water be poured on the plate, and let it be obferv- 
cd what height of water is requifite to force down 
the plate when the wider vefiel is made ufe of, and 
it will be found, that the fame height will fuffice in 
the narrower veflcl ; confequently, the fm all pillar 
of water in the narrower veffel, muft prefs the plate 
with a force equal to the weight of a pillar of water 
of the fame height, and of a bafe equal to the area 
of the plate; for fuch a pillar does aftually prefs 
the plate in the larger velTel, as is evident from the 
bare infpeftion of the figures, and the prefliires made 
on the plate in both veflels are equal, inafmuch as 
they overcome equal refiitances. 

From what has been faid it appears, that where 
the bafe of a vefTel is given, the prefllires upon it 
are as the perpendicular heights of^the liquid, what- 
ever be the (hape of the veffel. And univerfally, the 
preflure on any bale is meafiired by the produft of 
the area of that bafe into the perpendicular height 
of the liquor above it, without any regard to the 
quantity of liquor contained in the veflel -, fo that 
if we fuppofe a hogfliead fet on one end, and filled 
with a liquor, and a fmall pipe to ilTue perpendicu- 
larly upward from the other end to any height 
whatever, and to be filled with the fame liquor, 
the bottom will be as ftrongly prefled; and be irt 
as much danger of burfting out, as if the hogfhead 
O 3 was 



ao6 Of H YDROSTATICKS. 

L B c T, by a force equal to the weight of fuch a portion of 
^^^' the liquid as is equal to it in bulk -, confequentlf, 
^^■""*'~"~' if the fpecifick gravity of the folid be greater than 
that of the liquid, that is, if the folid weighs more 
than an equal bulk of"the liquid, the body will de- 
fcend with a force equal to the excefs of its gravity 
above the ^avicy of the liquid ; on the other hand, 
if the gravity of t4^ liquid exceeds that of the fo- 
lid, the body being as it were prcffed upward by a 
force greatec^iwn that whereby it endeavours to go 
down, will afccnd with the difference of thofe farces, 
that b, witl) a force equal to tlie excefs of the fpe- 
cifick gravity of the liquid above that of the folid, 
When the fpecifick gravities are equal, the body 
will neither rife nor fall, but remain fufpended at 
any depth ; being prefled as ftrongly upward by the 
refilling force of the liquid, as it is clownward by 
its own weight. Hence it follows, that if by any 
contrivance the fpecifick gravity of a folid can be 
varied, fo as to be one while greater, another lefs, 
and then equal to the fpecifick gravity of a liquid 
wherein it is immerfed, the body will fink, or rife, 
or remain fufpended according to the variation of 
its fpecifick gravity. And this is the cafe in that 
ludicrous experiment of the little glafs images in 
water, which are made to defcend, or rife, or remain 
fufpended at pleafure -, the reafon of which I (hall 
explain to you, after you have feen the experi- 
ment. 
Exp. 1. The images being fet to float on the water, the 
top of the veflel muft be covered with a bladder 
clofely bound about the neck of the veffel, to the 
end that the air, which lies upon the furface of the 
water, may not force its way out when it is con- 
denfcd by the hand prcfimo on the bladder. The 
images- themfelves tho' lighter, are yet nearly of 
the fame fpecifick gravity with the water, and be-.' 
ing hollow, are full of air, which by means of froallj 

hoieff 
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holes in their heels communicates with the air with- I- e c t. 
out. When the air which lies beneath the bladder .^^1^. 
is prefled by the hand, it prefles on the furface of ~'''~' 
the water -, and forafmuch as the prefiure is propa- 
gated thro' all the water, thofe portions which are 
contiguous to the heels of the images, are thereby- 
forced into the holes, by which means the air with- 
in is condenfed, and at the lame time, the weight of 
the images is increafed by the additional weight of 
the influent water. And when fo much water is 
forced in, as to render the fpecifick gravity of the 
images greater than chat of the water, the images 
defcend and fall to the bottom -, where they remain 
as long a.s the prefliire above continues, but when 
that is taken off by the removal of the hand, the 
condenfed air in the images dilates and expands it- 
felf, and in fo doing drives out the water; upon 
which account the images become fpecifically light- 
er than the water, and of courfe afcend. As the 
prefTure on the bladder is greater or lefs, fo muft the 
quantity of water which is forced into the images ; 
4nd therefore, whenever it happens that during the 
afcent or defcent of an image, fuch a prefltire is 
made as fuffices to force in juft as much water as is 
requilite to reduce the image to the fame fpecifick 
gravity with the water, the image flops and remains 
Uifpended, upon increafmg the prelfure It defcends, 
and afcends if the fame be leflened. Some of the 
images begin to defcend fooner, as alfo to rife later, 
than others, for one or both of thefe reafons ; firft, 
becaufe feme are fpecifically heavier than others j 
and, fecondly, becaufe the cavities in the legs are 
greater in fome images in proportion to their mag- 
nitudes, than they are in others; upon both which 
accounts, a lefs preffure is requifite to make fome 
defcend, and to keep them down, than what is ne- 
ceflary to produce the fame effects in others. For, 
firft, let us fuppofc the fpecifick gravities of two 
images 
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images to be different, but the cavities in their legs, 
when taken of a given height, to be proportional 
to their refpeftive magnitudes -, fince the air is equal- 
ly denfe in both images, it is manifeft, that it gives 
the fame oppofirion in both to the influent water j 
coniequently, the water when forced in by thepref- 
fure from above, muft rife to equal heights in the 
cavities of both i fince therefore the cavities whofc 
heights are equal, are fiippofed to be proportional to 
the magnitudes of the images, it is manifeft, that 
the quantities of water contained in thofe cavities 
mufl: be fo too-, confequently, each image receives 
an addition of weight from the influent water pro- 

Srtional to its magnitude ; or in other words, the 
icifick gravities of the two images are equally 
augmented -, forafmuch therefore as one of the 
images isfuppofed to be fpecifically heavier than the 
other, it is evident, that when the fpecifick gravity 
of the former has received fuch an addition, from 
the influent water, as makes it a little exceed the 
fpecifick gravity of the water, the fpecifick gravity 
of the latter mufl: fall Ihort thereof ; confequently, 
the former mufl; fink, and leave the other above. 

Secondly, Let us fuppofe the fpecifick gravi- 
ties of the two images to be equal j but let one 
image be lefs in proportion to the cavity in its legs, 
than the other is in proportion to its cavity, the 
height of the cavities being given ; fince the water 
does from the fame prefiure rife to an equal height 
in both, it is plain, from what I jufl: now faid, 
that the former mufl: receive a greater quantity of 
water in proportion to its magnitude, and confe- 
quently, a greater addition to its fpecifick gravity 
than the latter, and of courfe mufl: defcend 
fooner. 

From what has been faid it follows, that if the 
proportion which the cavity in the legs bears to 
the magnitude of the image be given, the greater 

the 
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die fpecifick gravity of the image is, the more apt L e c t. 
it wiil be to defcend -, confequently, in this cafe the l^|||[i. 
aptitude or promptnefs of an image to defcend is ""^^ 
proportional to, and may be exprefled by, the Ipe- 
cifick gravity. In like manner, if the Ipecifick 
gravity be given, the greater the proportion is which 
the cavity in the leg bears to the magnitude of the 
image, the more apt the image is to defcend 1 and 
therefore in this cafe, the aptitude is proportional 
to, and may be exprefled by, the cavity applied to 
the magnitude of the image. But if neither the 
fpecifick gravity of the image, nor the proportion 
of the cavity to the magnitude of the image, be 
given, tlie aptitude of an iniage to defcend, is as the 
Jpecifick gravity into the cavity applied to the mag- 
nitude of the image ; that is, putting A to denote 
the aptitude, S the fpecifick gravity of the image, 
C the cavity in the leg, (the height whereof is al- 
ways fuppofed to be given) and M the magnitude 

SC 
of the image ; A = xr s or, fubftitilting the abfo- 

lute weight of the image applied to its magnitude, 

WC 
in the room of the fpecifick gravity, A = -rp-; 

that is, the aptitude an iniage has to defcend, is as 
the weight of the image into tlie cavity of the leg 
dircftly, and the fquare of the image's magnitude 
inverfly. 

A folid fpecifically heavier than a liquid, being 
immerfed therein, lofes as mucjj of its weight as is 
the weight of a portion of the liquid equal to it in 
bulk 1 for it has been already Ihewn, that a folid is 
carried down in a liquid by the cxcefs only of its 
gravity, above the gravity of a pordon of the li- 
quid equal to it in bulk; confequently, the other 
part of its gravity is loft, as to any efted: it has on 
the body itfelf ; as \\ 111 appear from the following 
experiment. 

Let 
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L « c T. Let a fmall cylinder of brafs, fnfpended at one 
^^- end of a balance and counterpotfrd, be immerfcd 
v,n - in water-, upon the immerfion it will become light- 
er, foppofe by 200 grains, which is the weight of 
as much water as i^ equal in bulk to the cylinder; 
for 3 cylindrical veflel, juft large enough to contain 
the cylinder, being hung at one end of a balance 
and poifed, and then filled with water, preponde- 
rates with tlie weight of 200 grains. 

Since a folid when tmmerfcd in a liquid, lofes 
as much of its weight, as is equal to the weight of 
a portion of the liquid of the fame dimenfions with 
the folid, it follows, that all bodies whatever, whofe 
magnitudes are equal, however different their fpe- 
cifick gravities may be, do fuffer an equal lols of 
weight in the fame liquid. Thus a cylinder of 
Exp. 3. block-tin, equal in dimenfions to the brafs cylinder, 
but fpecifically lighter, being immerfcd in water, 
lofes 200 grains, as did that of brafs. 

Tho' a iblid lofes part of its weight when im-r 
merfcd in a liquid, yet it muft not be imagined that 
the weight fo loft by the folid, is aftually deftroyed, 
but that it is imparted to the liquid, the liquid con- 
ftantly gaining in weight what the folid lofes. For 
Exp. 4. if the vcffcl with the water wherein the cylinders 
were immerfed, be put into a fcale and poifed ; up- 
on the immerfion of either cylinder, it will prepon- 
derate with the weight of 200 grains, which is what 
the cylinder lofes. 

Solids equal in weight, but of different fpecifick 
gravities, being immerfed in the fame liquid, fuffer 
lofTes of weight reciprocally proportional to their 
fpecifick gravities ; for as the lofs of weight which 
any body fuffers in a liquid, is equal to the weight 
of as much of the liquid as is equal in bulk to the 
folid, the lofs fuftained is ever proportional to the 
magnitude of the body ; whatever proportion there- 
fore the magnitudes of bodies have to one another, 
the lame will the loiTes of weight have which they 
fuffer i 
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luffer; but the magnitudes of bodies equalin weight, Lect. 
but of different fpecifick gravities, are to one ano- ^' 
ther in the reciprocal proportion of their ipecifick*""^'"*^ 
gravities-, confequently, lb are the lofles of weight 
which they fuffer. Which is confirmed by the fol- 
lowing experiment. 

Lei two cones, one of lead, the other of tin, Exp. c. 
whofc fpecifick gravities are to one another, as 1 1 2 
to 74, and the weight of each 400 grains, be im- 
merfed in water, after the manner of the cylinders ; 
upon the immeriion, the lead will lofe 354 grains, 
and the tin 54; but 354 is to 54, as 74 to 112, 
that is, reciprocally as the fpecifick gravities of the 
metals. 

From the lofles of weight being reicprocally pro- Exp. 6. 
portional to the fpecifick gravities, it follows, that 
if two bodies of diiferent Ipecifick gravities, which 
balance each other in air, be immerfcd in water or 
any other liquor, the equilibrium will be deftroyed, 
and that which has the greatell ipecifick gravity will 
defcend ) as will appear, by hanging the cones, one 
at each end of a balance, and then immerfing them 
in water, tor the lead will preponderate. 

The Ipecifick gravity of a folid fpecifically hea- 
vier than a liquid, is to the fpecifick gravity of the 
liquid, as the abfolute weight of the folid, to the 
lofs of weight which it fuffers in the liquid ; for the 
fpecifick gravities of bodies being as the abfolute 
weights applied to the magnitudes, where the 
magnitudes are equal, the fpecifick gravities are di- 
rectly as the abfolute weights ; if therefore we com- 
pare the folid with a quantity of the liquid equal to 
it in magnitude, their fpecifick gravities muft be as 
their weights ; but the abfolute weight of fuch a 
quantity of the liquid, is equal to the lofs of weight 
fuftained by the folid ; confequently, the fpecifick 
gravity of the folid, is to that of the liquid, as the 
whole weight of the folid, to the lofs which it fuf- 
tains in the liquid. 

Hence 
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Hence wc liave a method of difcovering the fpe- 
cifick gravities of furli iblid bodies as are heavier 
than water; I mean, of difcovering the proportions 
of tlieir fpecifick gravities to the fpccifick gravity 
of water. For if we fuppofc the fpecifick gravity of 
water to be unity, and put L to denote the lofs of 
■weight which any body, whofc fpecifick gravity we 
look tor, furtains in water, and W its whole weight, 

W W 

then L : W : : i : -— ; confequehtly, -j— expref- 

fes the fpecifick gravity of the folid, that of water 
being unity 1 and therefore, in order to know the 
fpecifick gravity of any fofid heavier than water, 
nothing more is rcquifitc, but to difcover the quan- 
titles denoted by W and L, and to divide the firfl 
by the laft i the firft is had, by taking the weight 
of the body in air, and the laft, by taking the weight 
in water, and fubdufting it from the weight in air ; 
for the remainder is the lofs of weight, which di- 
viding the weight in air, gives a quotient expreffing 
the fpecifick gravity of the body. To apply this 
to a particular cafe, let it be propofed to difctTver 
the Jpecifick gravity of a piece of tin, which being 
weighed in air, is found to be 300 grains, and in 
water, 2594. which being fubduifled from the for- 
mer, leaves 404 for the lofs of weight -, fo that in 
this cafe, W denotes 300, and L 40^- ; and there- 
fore, dividing 300 by 40.', we Ihall have 7-,^ for 
the fpecifick gravity of tin, that of water being 
unity. Whence it appears, that tin, bulk for bulk^ 
is more weighty than water, in the proportion of 
74 to 1 o. 

If the body, whofe fpecifick gravity is required^ 
be lighter than water -, then, forafmuch as its gra- 
vity is not fufficient to caufe a total immerfion, the 
lofs of weight which it luffers in water cannot be 
found out by weighing it alone in that liquid ; lee 
it therefore be joined to fotne other body fu weighty, 
that the compound mny fink ; but firft let the lofs 

of 
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of weight which the heavier body alone fuftains in L e c f . 
water be found out, as before ; and then let the lofs ^ ^^- . 
of weight which the compound fullains be lilcewife * 
difcovered, whence deduifling the lofs of weight 
fuftaincd by the heavier, the remainder will exhibit 
the lofs fuftained by the lighter ; confequently, di- 
viding the weight of the lighter by that remainder, 
the quotient will exprefs the fpecifick gravity re- 
quired ; that is, putting W for the weight of the 
body whofe fpeciftck gravity is fought, L for the 
lofs of weight fuftained by the compound, and 

W 
1 for the lofs fuftained by the Iieavier body , . 

expreffes the fpecifick gravity of the body. To 
apply this to a particular cafe ; let the weight of a Exp. s. 
piece of wood fpecifically lighter than water be 
220 grains, and let it be joined to a piece of tin of 
160 grains, whofe lofs in water is found to be 17 
grains ; then the compound being weighed in wa- 
ter, will be found to lofe 334 grains; lb that in 
this cafe, W is equal to 220 grains, L to 334, 
and 1 to 17 ; and L iefs 1, is equal to 317 grains. 
And therefore, dividing 220 by 317, we Ihall 
have tVit^ fof the fpecifick gravity of the wood, 
that of water being unity. So that that kind of 
wood is bulk for bulk lighter than water, in the 
proportion of 69410 1000. 

If the body >vhofe fpecifick gravity is fought be 
diffolvable in water, then inftead of water, let fome 
other liquor be made ufe of, which will not diflblvc 
the body ; and let the proportion of the Ipecifick 
gravity of the body to the fpecifick gravity of that 
liquor, be difcovered by the foregoing method; as 
alio the proportion of the fpecifick gravity of that 
liquor to the fpecifick gravity of water, by the me- 
thod which fhall be fticwn prefently. Then in what- 
ever proportion the fpecifick gravity of the liquorcx- 
ceeds or falls ftiort of the fpecifick gravity of water, 
5 
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L E c T. in ihe fame proportion let the fpecifick gravity df 
y^' . the body with regard to that of the liquor be in^ 
^ " creafed or dimiiiifhed, and it will give thclpecitick 
gravity of the body with refpeft to that of water j 
that is, if we put A for unity or the fpecifick gra- 
vity of water, E for the fpecifick gravity of the 
other liquor, and C for the fpecifick gravity of the 
body with regard to that liquor ; then by faying, as 
A is to B, fo C to a fourtli proportional we fliall 
have — for the fpecifick gravity of the body widi 

refpeifl to that of water ; or rejedling thedivilbr as 
being equal to unity, and putting S for the fpecifick 
gravity of the body with refpeft to water, we fliall 
fcip. g. have S ^ BC. To apply this, let the fpecifick gra- 
vity of Roman-vitriol be required ; let the weight 
of a piece in air be 67 grains, and in fpirit of wine 
41 grains 1 confcqucntly, its lofs of weight in the 
fpirit is 26 grains, which dividing 67, gives 
2.576 for the fpecifick gravity of the vitriol with 
regard to the fpecifick gravity of the fpirit, which 
in this cafe is fuppofed to be unity ; but the fpeci- 
fick gravity of the fpirit with regard to that of wa- 
ter is lefs than unity, being only -^V, as Ihall be 
Ihewn prefently ; wherefore B is =10.87, and C 
is ^ 2.576 V confcquently 2,24, which is the pro- 
dud: arifing from the multiplication of thofe two 
numbers, exprefles the fpecifick gravity of Roman- 
vitriol with refpeft to that of water, which is as 
unity ; and therefore, in whole numbers, the fpe- 
cifick gravity of Roman-vitriol exceeds that of 
water, in the proportion of 224 to 100. 

The fpecifick gravities of liquors are difcovered " 
by taking the lolfes of weight fuftained by one and 
the fame folid in the ieveral liquors ; for fince the 
lofs of weight in each liquor, is equal to the weight 
of as much of the liquor as is equal in bulk to the 
t>ody i by taking the lofles of weight fuftained by 

the 
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the fame body in the fevcral liquors, we get the L e c t. 
abfolute weights of fuch portions of thofe liquors . ^ _ 
as are equal in bulk ; and by coniequence, the Ipe- 
'cifick gravities of the liquors, the fpecifick gravi- 
ties of bodies equal in bulk, being to one another 
as their abfolute weights ■, wherefore, putting L 
for the lofs of wreight which a body fullains in wa- 
Ter, and little 1 for the lofs of weight fuftaincd by 
tthe fame body in any other liquor -, then, by fay- 
•ing, as L CO 1, fo is unity to a fourth term, we 

fliall have ~ for the fpecifick gravity of the other 

^uor, that of water being unity ; fo that to dif- 
cover the fpecifick gravity of any liquor, we have 
nothing more to do, but to weigh one and the 
fame folid, both in the liquor whofe quantity is 
fought, and in water, and to divide the lofs of 
weight which the folid fufters in the liquor, by the 
lofs which it fuftains in water ; for the quotient will 
exprefs the fpecifick gravity of the liquor. Thus, 
a glafs bubble, whofe weight in air is 1727 grains, Exp. 10. 
being weighed in water, is found to lofe 641 grains, 
and 558 in fpirit of wine-, and therefore, dividing 
558 by 641, we Ihall have a quotient of 0.87 for 
the fpecifick gravity of the fpirit, that of water be- 
. ing unity. 

When a body fpecifically lighter than a liquid, 
is fet to float upon it, the part immerfed is equal in 
bulk to a portion of the liquid whofe weight isequal 
to the weight of the whole body -, for fmce the bo- 
dy finks in part, by moving fome of the liquor 
out of its place, and fince the weight of the body 
is the power which moves the liquor, the body" 
muft continue to fmk, till it has removed as much 
of the liquor as is equal to it in weight -, confe- 
quently, the part immerfed muft be equal in mag- 
nitude to fuch a portion of the liquor, as is equal 
in weight to the whole body, which is abundantly 
confirmed by the following experimeiit. 

P A ball 
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Lect. a ball of pear-tree, a wood fpedfically lighter 
^"' than water, bting let to float on water contained in 
Exp II * S'^^ veflei, let the veflel be placed in a fcale and 
counterpoiled ; then, taking out the ball, let the 
vcfliel be filled up witli water to the fame heiglit at 
which it ftood when the ball was in it, and the fame 
weight will countcrpoife it as before. 

From tlieveflcrs being filled up to the fame height 
u which the water ftood when the ball was in, it 
is manifeft, that the quantity poured in is equal in 
magnitude to that part of the ball which was im- ' 
mened ; and, from the fame weight counterpoifing, 
it is evident, that the water poured in, is equal in 
weight to the whole ball. 

The part immerfcd is to tlie whole body, as the 
fpecifick gravity of the body to the fpecifick gravi- 
ty of t!ie liquid; for the fpecifick gravities of two 
bodies, being to one another as their ablblute 
weights applied to their magnitudes, if their weights 
be equal, their magnitudes are in the reciprocal 
ratio of their fpecifick gravities -, fmce therefore, 
fuch a portion of the liquid as is equal in magni- 
tude to the immerfed part of the folid, is likewilc 
equal in weight to the whole folid; the magnitude 
of the immerfed part is to the magnitude of the 
whole body, as the fpecifick gravity of the folid 
to the fpecifick gravity of the liquid. 

When the fame body is fct to float fucceflively in ■ 
different liquors, the parts immerfed are to one an- 
other in the reciprocal proportion of the fpecifid 
gravities of the liquors. For the body dcfcends ii 
each liquor, till the part immerfed takes up thil 
room of as mucli liquor as is equal in weight to t' 
whole body i and dierefore, fuch portions of ci 
feveral liquors as are equal in magnitude to ; 
immerfed parts of the body have all equal weigh 
but the magnitudes of bodies equal in weight, 
to one another reciprocally, as their fpecifick j 
vitii;i i confequently, in one and the fame, b 

4 . floating 1 
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floating in different liquors, the parts immerfed are L e c t. 
reciprocally as the fpecifick gravities of" the hquors.^^J™;^ 
On this principle is founded the hydrometer; 
■which is an hollow gkfs ball, with a fmall hollow 
fiem of about 5 or 6 inches in length, oppofite to 
which, on the other fide of the ball, adheres' a 
fmaller ball filled in part with mercury, or fome 
other weighty body, to the intent, that when the 
ball is fet to float in water, or any other liquor, the 
item may be kept uppermoft, and in a pofition per- 
pendicular to the furface of the liquor j and at the 
tame time, that the machine may be fofar immer- ■ 

fed, as that the Hem only, or fome part thereof, 
may remain above the liquor : the ftem being gra- 
duated from top to bottom, has numbers annexed 
to every degree, exprefTing the magnitudes of the 
parts which lie below the leveral degrees. 

The ufe of this little machine is to difcover the 
foecifick gravities of liquors, which is done in the 
following manner. The hydrometer he'mgBrA. fet to 
'float in water, the degree to which it finks mu!l be 
obferved, and the number thereto annexed ; then 
being fet to float in any other liquor, the degree 
to which it finks, with the number annexed, muft 
Ijkewife be noted -, for as this number is to the for- 
mer, fo is the fpecifick gravity of water, to that of 
the other liquor, as is evident from what was juft 
now faid. To illuftrate this in the cafe of water ^^p- i^- 
and fpirit of wine. The hydrometer being dropt 
into water, links to the degree whofe number an- 
nexed is 87 ; and being dropt into fpirit of wine, 
Onks to the degree whofe number is 1 00 ; whence 
it appears, that the ipecifick gravity of water is to 
that of fpirit of wine, as 100 to 87. 

Tho* hydrometers may be ufeful in difcovering 
die fpecifick gravities of liquors for loofe and inac- 
curate computations, yet are they not to be de- 
pended on in cafes where great exaftnefs is reqiured,* 
£j.wj:f."v'-' 1* 2 and 
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and that for cwo reafons -, Firft, becaufe it b ex- 
ireamly difficult to graduate the ftems fo exaftly, 
as that the numbers annexed fhall truly exprcfs tlie 
magnitudes ot' the pans below ihem. Secondly, 
becaufe, partly from the motion of the h/drometer 
in the liquor, and iiaitly from the rifing of the li- 
quor about the ftem from the attraiftive torcc of the 
glafs, it is hardly poiTible to determine with exaft- 
nefs the degree to which tlie hydromeier finks. 
Upon both which accounts, as slfo becaufe die 
method of determining the fpecifick graTities of 
liquors by means of the glafs bubble is much moit 
cafy and exaft, this method by the fydrffmeler i* 
intirely laid afide. 



LECTURE XIV. 

Of HyoRosTATicfts. 

IN this lec'hirc I ihall give you an account of the 
flux of water from reservoirs rhro' orifictt 
ind pipes. 

it wacer, flowing oat at an orifice in the bottom 
of a vcflel, be kept conftantly at the fame height in 
the vcflej, by being fupplied as faft above as it 
runs out below, the velocity wherewith it flows out, 
is as the fquare root of the height of the water above 
the orifice. 

For if we ftippofe the cohima of water which 
Hands diret-tly above the orifice, to be divided into 
an indefinite number of plates of an equal but ex- 
ceedingly Imall thicknefs, it is manifeft, that what- 
ever be the force of gravity, wherewitli the npper- 
moft plate preffes upon the fecond, the fecond pref- 
fes upon the third with a double force, and the third 
upon the fourth with a triple force, and fo on j fo 
that the plate which is next the oiihce is prcffed 
downward 
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downward by the joint gravities of the fevcral plates Leer. 
which He above it, and likewife by the force of its ^^^■ 
own gravity, inafmuch as there is no other plate """^ 
beneath it whereon to reft ; confequently, from its 
own gravity, and that of the feveral plates above it, 
it does all at once receive as many equal itnprcITions - 
from gravity, as it would fucccfTivcly in falling 
down the height of the water ; and of courfe, mult 
pafs thro' the orifice, with the fame velocity that it 
■would acquire in falling down that height ; but I 
proved in my lefture upon gravity, that the velo- 
city which a body acquires in falling thro' any fpace, 
is as the fquar? root of the fpace ; confequently, 
the velocity wherewith the water flows out, is as thi 
Iquare root of the height of the water above the 
orifice. 

To confirm this by an experiment ; let there be Exp. i. 
Iwo vcflels in all things alike, excepting that one is 
four ti Hies as tall as the other, the height of one 
being 20 inches, and of the other 5 ; let each of 
them have a circular orifice in the bottom, 3 fifth 
.part of an inch in diameter ; and being both filled 
*ith water, let them be fet a running, and let the 
Vatcr be fupplied as faft above as it runs out below j 
the taller vefTel will difcharge about twenty one 
Ounces in the fpace of a quarter of a minute, and 
in the fame time the fhorter will difcharge about 
ounces. Now, forafmuch as the orifices thrc^ 
which the water flows are equal, and lilcewife th( ' 
times of the flux, the quantities difcharged are as 
th evelocities ; confequently, the velocity wherewiiK 
the water flows out of the taller velTel, is to th{t 
velocity wherewith it flows out of the fhorter, as 
a I to II, that is, nearly as 2 to i, which are the 
;fquare roots of the heights of the water above the 
orifices. 

As the prefllire fuftained by the lower parts of 

'ater from the weight of thofe above, exerts it- 

P3 felf 
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L E c T. felf with the fame force laterally that it docs down- 
^X^ ^ ward, it matters not whether the orifice through 
^"^ which the water flows, be at the bottom or fide of 
a vefTcl •, for the water will flow out of both with 
the fame velocity, provided they are at equal 
depths below the upper furface of the water ; and 
therefore, the velocity of water flowing out of an 
orlticc in the fide of a veflel, is as the fquare root 
of the height of the water above the orifice ; as 

Exp. 2. will appear, by repeating the lafl: exjperiment with 
vefTels whofe orifices are in their fides •, for the 
quantities difcharged will be the fame as before. 

From what has been faid it follows, that if an 
orifice in the fide of a veflel be fituated as far above 
an horizontal plane, as it is below the upper furface 
of the water, the water will fpout from that orifice, 
to the diftance of twice the height of the orifice 

pi. 6. above the plane. For iijilance, if AOBC be a yet 

Fig. 1 2. fel full of water, O an orifice in the fide, whofe 
height OD above the horizontal plane DH, is. equal 
to OA, the difl:ance of the orifice from the top or the 
water •, D H the horizontal difliance to which the 
water fpouts, will be double of OD, the height of 
the orifice above the plane. For the fpouting wa- . 
ter has two motions, one uniform from the preflfure 
of the water in the veflTel, in the diredtion OF per- 
pendicular to the orifice, the other accelerated irbm 
the force of gravity in the direftion OD perpendi- 
cular to DH i which two motions do by no means 
hinder one another, but by their combination caufe 
the water to fpout in the curve of a parabola. Now, 
the velocity wherewith the water moves in the di- 
reftion OF, being equal to the velocity acquired by 
a body in falling from A to O, or from O to D ; 
in the fame time that it falls from O to D, and by 
fo doing, reaches the horizontal plane, it will be 
carried in the direftion OF, thro' a fpace equal to 
twice OD, (inafmuch as all bodies whatever tha^ . 

move 
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move uniformly, with a velocity equal to that which L e c t. 
is acquired by a body in falling thro' any height, ^ Y- 
do in the fame time with that of the fall, defcribe 
a fpace double of that of the fall) ; confequently, 
the horizontal diftance to which the water fpouts, 
will be equal to twice the height of the orifice above 
the plane. Thus, from an orifice in the fide of a Exp, 3. 
vefiel, the depth whereof below the furface of the 
water is 20 inches, the water will ipout to the dif- 
tance of 38 inches on an horizontal plane, whole 
diftance below the orifice is likewife 20 inches ; and 
where the depth of the orifice below the top of the 
water is 5 inches, the water will fpout to the dif- 
tance of 94 inches on an horizontal plane fituated at 
the dillance of 5 inches below the orifice ■, fo that » 
in both cafes the diilances to which the water fpouts, 
are nearly double the diftances of the planes below 
■ the orifices ; and they would be exaftly double, 
were it not that the water is reta^^ded a little by the 
.* oppofition it meets with from the air. 

The diftances to which water fpouts on an hori- 
zontal plane, from orifices in the fides of different 
veflels, the orifices being at equal heiglits above the 
plane, are to one another as the fquare roots of the 
heights of the water above the orifices. 

For fince the orifices are at equal heights above 
the plane, the times of the dcfceni of tlic water 
from the feveral orifices to the plane miift be eqyal ; 
confequently, the horizontal diftances to which the 
watei- fpouts, muft be as the velocities wherewith it 
fpouts 1 but thofe velocities are as the fquare roots 
of the heights of the water above the orifice ; con- 
fequently, ib muft the horizontal diftances. Thus, 
if two veffcls be fo placed, as that the orifices in Exp. 4. 
their fides ftiall be 20 inches above an horizontal 
plane, the height of the water in one veflel being 
20 inches above the orifice, and in the other 5 ; the 
water will fpout from the farmer, to the diftance 
P4 of 
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L I c r. of 38 inches, and from the Utter, to the diftancc 

. ^Y: ,of '9 inches-, but 38 is to lo, as 2 10 j ; that is, 

^■*^~'" as the fquare roots of ihc heignts of the water above 

the orifices, for the heights are as 4 and i. 

The diftance to which vrAttr fix)utii unm an ori- 
fice in the fide of a vcflel, whatever be the height 
of the orifice above the plane, as alfo of the water 
above the oriiice, may be thus determined ; lee 
P|* ^ BR reprefent an horizontal plane, F an orifice in 
'■'g- '}■ the fide of a veficl at any height above the plane* 
and AB the licight of the upper furface of the wa- 
ter above ihc plane. On A B as a diameier, de- 
fcribc the femicirde ADB, and at F f:;L oT FE 
perpendicular to AB, and irecnrg tix circle in £. 
The diftancc to which the water fpouts on ihe plane 
B R from the orifice F, is proportional to the line 
FE. 

For, from the nature of motion, the fpace de- 
fcribed, is as a reiftangle under the time and velo- 
cit)' i but in this cafe, the time of the motion is as 
the fquare root of F B, and the velocity wherewith 
the water fpouts, is as the fquare root of AF j con- 
fequently, the fpace thro' which the water runs in 1 
the horizontal direction, is as the fquare root of the * 
reiftangle AFB i but, by the nature of the circle, 
the fquare foot of the reflangle AFB is equal k> 
FE ; confequentiy, the horizonti! diftancc to which 
the water fpouts on the plane BK. from the orifice ' 
F, is as FE. 

Hence it follows, that the diftancc to which the 
water fpouts, is as the fine of the arch AE, whofe 
verfed fine A F is equal to die height of the water 
above the orifice. And, forafmuch as any two 
fines, which are equally .diilant from the center, are 
equal, it follows that the water muft fpout to the 
fame diftancc from two orifices as F and L, whofc 
diftances from the <enter are equal -, as alfo, that 
it muft fpout tc the greatcft diltance from an orifice 
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in the center, the fine CD being in that cafe equal L b c t. 
to radius, and conlequently the greateft. ^^- 

To confirm what has been faid ; let a veflel p ' 
whofe height is 16 inches, and which is perforated 
in the middle, and Jikewife at the diftancc of 54- 
inches above and below the middle, be filled with 
water, and fet upon an horizontiil plane ; the water 
will fpoiit from the middle orifice to the diftance of 
above 1 5 inches, and from each of the other two, 
to the diftance of about 10 inches. 

All things being fiippofed as before, the diftances 
to which the water fpouts, fetting afide what little 
difturbance may arife from the refiftance of the air, 
are equal to twice the fines of the arches, whofe 
vepfed fines are equal to the heights of the water 
above the orifices. For, the diftance to which the 
water fpouts from the central orifice C, is to the 
diftance to which it Ipouts from any other orifice as 
F, as the fine C D is to the fine FE ; but forafmuch 
as the orifice C is as far diftant above the plane as 
it is below the furface of the water, the diftance tO 
■which the water fpouts from that orifice is equal to 
twice CB, or twice CD ; confequendy, the diftance 
to which it fpouts from F muft likewife be equal to 
twice FE, and fo of any other orifice. 

Water which fpouts perpendicularly upward fets Exp. 6. 
out with fuch a velocity, as is fufficient to carry it 
to the fame height with the water in the vefiel from 
which it fpouts. For the velocity wherewith it fets 
out, is equal to the velocity acquired in falling down 
the height of the water ; and, in my ledure upon 
gravity, I fhewed, that a body thrown direftly up- 
ward rifes to fuch a height, whence if it be let fall, 
it will by the end of the fall acquire the fame velo- 
city wherewith it was thrown up -, confequently, the 
water fpouts with a velocity fufficient to cany it 
to an equal height witJi tlw water in the refervoir ; 
however, it cannot pofilbly arrive at that height, 

by 
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. by reafon of the refiftance it meets with from the 
air; which, as it cannot be taken off, muft leffen 

■* the heights of al] jets whatever, fo as to make them 
fall fhort of the heights in the refcrvoirs ; befides, 
the water in the uppermoft part of the jet, when it 
has loft al! its motion, refts for fome time on the 
part next below it, and by its weight obftrufts and 
retards the motion of the wliole column, and there- 
by leffens its height ; and fo great is the refiftance 
arifmg from this caufe, as that the jet is frequently 
deftroyed by it, the rifing water being by fits and 
ftarcs preflcd down to the very orifice from which 
it fpouts. 

By giving the jet a little inclination, the upper- 
moft parts, when they have loft their motion up- 
ward, arc made to fjil off from the reft, whereby 
the refiftance which aril'es trom their weight is 
taken off". And this is the true reafon why, ca- 
ttris paribus, fuch jets as are a little inclined, rife 
higher than thofe whofe afcents are perpendi- 
cular. 

The velocity wherewith water flows out of a cy- 
lindrical pipe inferted horizontally into the fide of 
a veftel, is as the fquare root of the height of the 
water in the veflH above the place of die pipe's in- 
fertion directly, and die fquare root of the length 
of the pipe inverfly ; for fince the pipe is cylin- ' 
drical, the velocity wherewith the water flows out 
at one end, mult be equal to the velocity where- 
with it flows in at the other ; but the velocity 
wherewith it flows in, is in the proportion laid 
down 1 for the preflure of the incumbent water in 
the veitel, cannot make the water wliich lies next 
the orifice flow into the pipe, unlefs at the fame 
time it drives forward all the water contained in 
the pipe ; for which reafon, the water in the pipe 
may be looked upon as an obftacle which refifts 
and impedes tlie moving caufe, Now, where a caufe 

afts 
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afts under the difadvantagc of a clog or jmpedi- h 
ment, the potency of fiich a caufe is increafed, either , _" ■ 
by diminilhing the impediment, or augmenting the 
abfolute ftrength and vigour of the caufe itfelf ; 
where the ftrength and vigour of the caufe is given, 
the potency thereof incrcafes in proportion as the 
impediment leflens, and leflens as that increafes ; 
and where the impediment is given, the potency of 
the caufe increafes, and leflens in proportion to the 
increafe and diminution of the abfolute ftrength and 
vigour of the caufe ; confequently, the potency is 
in a ratio compounded of the ftrength or magnitude 
of the caufe, and of the weaknefs or fmatlnefs of 
the impediment ; that is, it is as the magnitude of 
the caufe direftly, and as the magnitude of the im- 
pediment inverfly ; or as the magnitude of the caufc 
applied to the magnitude of the impediment. Now, 
in the cafe before us, where the prcftiire of the wa- 
ter in the refervoir is the moving caufe, and the wa- 
ter in the pipe is the impediment, the magnitude 
of the former is meafured by a reiftangle under the 
height of the water, and the orifice of the pipe, 
and the magnitude of tlie latter by a re<5tangle un- 
der the orifice of the pipe, and the length thereof; 
or rejeifling the orifice as being ever the fame in 
both, the magnitude of the moving caufe, is as the 
height of the water, and that of the impediment, 
as the length of the pipe; and therefore, putting 
H for the height of the water in the refervoir above 
the place of the pipe's inferdon, and L for the length 

of the pipe; -j- will denote the preffure of the wa- 
ter in the refervoir, as leflened by the refiftance of 
the water in the pipe -, and putting O for the ori- 
fice of the pipe, .— will exprefs the force which 

(Irives the water into the pipe ; and forafmuch as 

fhe motion generated in any time by a force aifling 

conftantly 
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■ contlanily and uniformljr, is as a rcftangle under the 

force and dmc-, putting T for the time that the 

a ■ . ■ HOT .,, 

water continues to now into the pipe, — r — wiU 

be as the motion generated in the water flov?ing in- 
to the pipe ; but the motion generated in the in- 
fluent water, is as the quantity which flows in, 
multiplied into the velocity wherewith it flows j 
and therefore, putting Q__and V for the quantity 

and velocity, — j — is as Q^V ; or, becaufe the 

quantity which flows in, is in a rfflio compounded 
of the orifice, time, and velocity; by fubttitcting 
O, T, V, which denote the orifice, time, and velo- 
city, in the place of Qj we (ha!l have — r — = OTV* ; . 
and ftriking out OT from both fides, we ihall have 
-- = V' ; confequcntly, V is as / -i- ; that is, the 

velocity wherewith the water flows out of the re- 
fervoir into the pipe, and confequently, the velo- 
city wherewith it flows out of the pipe, is as the 
fquare root of the height of the water in the refer- 
voir, applied to the fquare root of the lengtli of the 
pipe. 

Hence it follows, that if the length of the pipe 
be varied whilft the height of tlie water in the re- 
fer\'oir continues the fame, the quantities difcharged 
in any given time, will be to one another inverfly 
as the fquare roots of the lengths of the pipe ; for 
fince the diameter of the pipe, and the time of the 
Eux are given, the quantities difcharged mull be as 
the velocities wherewith they nm out, tliat is, in 
the inverfe ralie of the fquare roots of the lengths 
of the pipe. 

To confirm this by an experiment ; let a pipe of 
t6 feet in length, and half an inch in diameter, be 
inl^rted horizontally into tlie fide of a veflel ; 
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let the water in the velFel be kept conftantly at the L e c t. 


tcigiit of 3 feet above the place of the pipe's in-_ ^^• 
fertion ; the pipe when fet a running will difchargc ' "^ 
above i6i4 ounces in half a minute; let it then be 


made ftiorter by 12 feet, and kt a running again^ 


and It will in the fame fpace of time difchargc 32 1 


ounces, that is, near twice as much as before -, fo 


that the quantities diicharged, will be to one ano- 


ther reciprocally as the fquare roots of the lengths 


I of the pipe, which in this cafe are as 4 and i. 
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Lect. June the 2 1 i\, 1722, I made feveral experimenti 
. ^}^j . concerning the motion and difcharge of water thro* 
' '' pipes, in the following manner. 

There was a rerervoirof 3 feet in height, which 
was kept conftandy full during the flux of the wa- 
ter i at the bottom was inferred horizontally a pipe 
of half an inch in diameter, whole length when 
greatelt wa'j 100 feet, but being compofed of feve- 
ral pieces, was capable of being made of ten diffe- 
rent lengths 1 which lengths were the fquares of the 
natural numbers. Into this pipe were inferred hori- 
zontally (as occallon was) ten other pipes, each of 
them 6 inches long, and i inch in diameter j the 
places of their infertion into the main pipe were dif- 
tant from the refervoir the fquares of the natural 
numbers in feet ; the axes of the fmall pipes made 
an angle of So degrees, with that of the main pipe j 
the rcafon why thc-y were inferred in fuch an angle 
was, that it had been obferved that the water flow- 
ed out of orifices made in the main pipe nearly in 
that angle. 

In Tab. I. L denotes the length of the main 
pipe (the fmall pipes not being inferred), Q^the 
quantity in iroy ounces difcharged in half a mi- 
nute 01 time, T the time in feconds which the wa- 
ter took to flow from the rcfervoir to the extremity 
of the pipe, the fame having been firfl: exhaufted. 

In Tab. II. D denotes the diftance from the re- 
fervojr, at which the fmall pipe was inferted into 
the main pipe ; Q^the quantity in trey ounces dif- 
charged by the fmall pipe in half a minute of time, 
the main pipe being ftopped. 
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Ta b l e III. 
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In Tab. III. the numbers at the top denote the 
ten fmall pipes, P the main pipe, and the numbers 
below denote the quantities in troy ounces difcharged 
in half a miniite of time, by the pipes denoted by 
the numbers direftly above them. The blanks de- 
note, that the pipes denoted by the numbers direftly 
above them at the top, were ftopped at the time 
that the others difcharged. 

lecture; 
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LECTURE XV. 
Of Pneuuaticks. 

L E c T. x N this lefturc I (hall give an account of the 
. ^^' , X weight and preflTure of the air, and of fome re- 
■^ markable eifcds arifmg from it. 

Tho' the weight of the air which furtounds us 
is not perceived, by reafon of the equal preffure 
which it makes on all parts of our bodies ; yet that 
it is really heavy appears from hence, that veffcls 
when exhaufted are lefs ponderous than when tilled 

Ejp. I. with air, Thus a glafs bottle, whofe contents are 
nearly 40 cubick inches,' being exhaufted by means 
of the air pump, will be found to fuffer a fenfible 
lols of weight; when I formerly made the experi- 
ment, the lofs of weight amounted to ten grains, and 
the magnitude of the exhaufted air I found to be 
34 cubick inches -, for upon immcrfing the twttle 
in water, and opening the valve which covered the 
mouth, the quantity of water which flowed ini and 
pofielled the place of the exhaufted air, amouficed 
to 8628 grains, which being divided by 253 t, the 
number of grains in a cubick inch of water, give 
34 in the quotient ; fo that from this experiment it 
is manifeft, that 34 cubick inches of that air, which 
more immediately fiirrounds us, are equalin weight 
to ten grains 1 and that the fpecifick gravity of the 
fame air is to tlie fpecifick gravity of water, as Kn 
to 8628^07, as one to 862^-; the fpecifick gravi- 
ties of bodies equal in bulk, being to one another 
as theabfolute weights of the bodies. 

As the air rifcs above the fiirface of the earth, ic 
grows rarer, and confequently lighter; a given 
bulk of air, being lighter at the diltance of a milt 
than at the cardi's furface, and lighter again at the 
. diftancc 
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■diftance of two miles, and fo on continually. And L k c t. 
yet notwithftanding this diminution of gravity in .^ ^^^ 
the fuperior parts of air, fo great is the height of the 
atmofphere, as to render the weight of the whole 
very confiderable -, as will appear from the follow- 
ing experiment. 

Let a piece of common glafs be placed as a coyer Exp. i. 
on the top of the receiver -, and upon exhaufting the 
air, the glafs will at firft be preffed clofe to the re- 
ceiver, and at length broken by the weight of the 
air, which refts upon it. 

While the air continues undirainilhed in the re- 
ceiver, it does by virtue of its elafticity prefs as 
ftrongly againft the lower furtace of the glafs, as 
^oes the incumbent air by means of its weight upon 
the upper furface ; as Ihall be fhewn hereafter ; 
confequencly, as long as the air remains undimi- 
nifhed in the receiver, the weight of the incumbent 
air can have no fenfible elfcft on the glafs ; but up- 
on leflening the quantity, and therewith the fpring 
of the included air, the glafs being no longer fup- 
portcd from below, is prefled down, and broken 
by the weight of the air above -, and for the fame 
reafbn, a fquare glafs phial when exhaufted cracks 
and flies to pieces. 

From the weight and preflure of the air on the 
iiirface of liquors it is, that they are made to rife 
in exhaufted tubes open atone end, as will appear 
from the following experiments. 

Let a glafs vetTel with mercury be placed under a ^^P- 3' 
receiver, and let a tube open at one end be fufpend- 
ed above the veilel in fuch a manner, as that the 
Open end may at pleafure be let down into the mer- ' 
cury; if then, the air being drawn out of the re- 
1 Ceiver, the rube be lei down, the mercury will nbt 
rife therein as long as the receiver continues empty ; 
but upon readmitting the air, it will immediately 
afcend. The reafon of which is, liiat upon ex- 
Q__ haufting 
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It « c T. haufting the receiver, the tube is likewifc emgocd 

. ^L. of air -, and therefore, when it is immerftd in the 

'~ mercury, and the air readmitted into the receiver^ 

all parts of the mercury are ptefled upon by the 

air, except that portion which lies beneath the ori* 

, fice of the tube ; confequently, it muft rile in the 

cube, and contintie fo to do, until the weight of 

the elevated mercury prclTes as forcibly on that por-t 

tion which lies beneatli the tube, as the weight <^, 

the air docs on every other equal portion without 

the tube. But to proceed to a fecond experimcni 

of the fame kind. 

^|- 6. Let two glafs tubes as A and B, each above 3q 

Fig- H- inches long, of which A is open at one end only, 
'P' ■*■ but B at both, be fo contrived, as by means of 
fcrews to be let into the little glafs veflel C D, ir* 
the manner reprefcnted in the figure. A being fiUi 
cd with mercury, and then fcrewcd into tlie veflel, 
let mercur)- be poured into B, till both that an4 
the veflel are full ; let then the veflel be inverted v 
PI. 6. and let the extremity of B be immerfed in a veflHi 

''E- '5- of mercury, the mercury will defcend thro' B, ani^ 
continue fo to do, till A is emptied, as alio fo much 
of the vefltl CD as is above the level of the uppMt 
orifice of B. This being done, let A be fo far ua* 
fcrcwed, as to permit- the air to pafs between the 
threads of the fcrew into the empty pait of the vef-^ 
felj upon the admiflion of the air, the mercuryi 
will rife in the tube A. For, from the circura-t 
ftances of the experiment it is evident, that the part 
of A which ftands above the level of the mercuryi 
remaining in the veflel, is perfectly void of airj. 
confequently, while the mercury all around thq 
tube isprefled by the newly admitted air, thatpop-i 
Mon which lies beneath the tube fuffers no preffurt^ 
from above ; and of courfe muft rife, and continue 
to rife, until the weight of the elevated mercurjfi 
becomes a balance to the prelTure of the air without^ 

Br 
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By the weight and prelTure of the air, water is L e c t. 
Taifed in common pumps, and fire engines, as will ^ ^1 . 
■appear by confidering their ftruftiires, and the man-' '^"""^ 
ncr in which they work. AB reprelents the body PI. 7. 
of a pump, which is commonly an hollow cylinder ^"'S- '• 
of wood or lead, C a plug fixed near the bottom of 
■«he pump, with an hole in the middle, covered by 
a leathern valve, fo contrived as to open and give 
■way to tiie water in paffing upward, but to ftiut 
dole and obftrud the pafTage downward ; D a fe- 
cond plug of the fame kmd, and perforated in like 
manner with the former. This plug is commonly 
called the ywf^er or ^i/?(?», and being moveable, is 
■drawn up and thrult down at pleafure, by means 
of the iron rod E to which it is faftened. The fides 
of the fucker are every where caled with leather, 
whereby it is made to fit the cavity of the pump 
fo exaftly, that neither air nor water can pafs be- 
tween. At fome diftance above the fucker is an 
orifice as O in the fide of the pump, thro' which 
the water is difcharged at the time of working, in 
the following manner. The fucker being drawn 
Up, the fpace between that and the lower plug :» 
kft void of air ; then forafmuch as the water, wmch 
ftands about the pump, is every where prefled by 
the air, except in that part" which anlwers to the 
hole of the plug, it muft there give way, and pafs 
Bp into the cavity of the pump ; and upon depref- 
fing the fucker again, as it cannot remrn downward 
by reafon of the valve, which (huts clofe upon the 
■feole, and flops the pafTage, it riles up thro' the 
fticker, and lodges itfelf thereon ; fo that upon the 
next elevation of the fucker, it is carried towards 
^e top of the pump, and thrown out at the ori- 
fice O. 

If inftead of an orifice above the furker, we fup- 
pofe one juft above the lower plug, with a valve 
opening outwardly, fo as to fuffer the water to flow 
Out, but not to return. And if we fuppofe the 
. Q^ 2 fucker 
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h F. c T. fucker to be folid without a perforation^ the figure 
j^Y* . will repreftrnt a forcing pump, or fire eagine, in 
which the water rifes above the lower plug in the 
fame manner, and from the famecaufe, that it does 
in a common pump *, and by the preflure made up- 
on it by the fucker when thruft down, it is forced 
out at the orifice, and that fo (Irongly, as by the 
help of leathern pipes to be conveyed to the tops 
of the higheft houfes. 

The air in any particular place does not always 
continue of the fame weight, but is fometimes hea* 
vier, and fometimes lighter •, which plainly argues 
a variation in the quantity, inafmuch as the gravity 
of any body is proportional to the quantity of mat- 
ter which it contains. From what caufe thii varia- 
tion arilcs, is not eafy to determine. Dr. Halley 
is of opinion, that the diminution of the quantity of 
air in any place, is the cfFcdt of two contrary winds 
blowing from that place, wl^.ercby the air is carried 
both ways from it ; and of confequcnce, the in- 
cumbent cylinder of air is diminimed ; as for in- 
Ihmce, if in the German ocean it fliould blow a gale 
of wefterly wind, and at the fame time an eafterly 
wind in tlie hijh fca \ or if in France it (hould blow 
^foutberly wind, and in Scotland zncrtkern ; that part 
of the atmofphrre which is impendent over England 
would, he thinks, be thereby carried off and dimi- 
nlflicd. He likcwife conceives, that the increafe of 
the quantity of air in any place, is occafioned by the 
blowing of two contrary winds towards that .place, 
whereby the air of other places is brought thither 
and accumulated. And upon this foot, he endea- 
vours to account for what is commonly obferved in 
tills part of the world j namely, that the atmofpherc, 
c^eteris paribus^ is always hcavieft upon an eafterly 
or north-eafterly wind. This happens, fays he, be- 
caufe, that in the great Atlantkk ocean, on this fide 
the thirty fifth degree of north latitude, the wefterly 
and fcuth-weJUrly winds blow almoft always-, io 

that 
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that whenever the wind comes up here at eaji or I-, 
Horth-eaft, it is fiire to be ciiecked by a contrary gale, 
as foon as it reaches the ocean ; for which reafon, 
the air over us muft needs be heaped up in greater 
abundance, as often as thofc winds blow. To con- 
firm this hj-pothefis of contrary winds being the 
caule of the variation in the weight of the air, he 
obferves, that within the Tropicks, where there are 
no contrary currents of air, this variation does not 
obtain ; but that the atmofphere continues much in 
the fame ftace of gravity in all kinds of weather. 
Now, whether this, or whatever elfe be the caufe 
of it, moft certain it is, that the weight of the 
air does vary ; and lb confiderable is the variation, 
that the weight of the air in its heavieft ftate, ex- 
ceeds the weight thereof when it is lighted, in the 
proportion of almoft ten to nine. 

The changes which the air undergoes as to its 
gravity, are obfrrved by means of the Barometer or 
wcather-glafs j which, as it was the invention of 
ToaRicELLius, is known among the naturalifts 
by the name of the TorrkeHian tube or infirumertt. 
It confife of a fmall glafs-tube, about three feet 
long, clofed at one end, which being filled with 
mercury well purged from air, is inverted into a 
cylindrical box of timber, wherein fome mercilry 
js lodged ; upon the inverfion fome of the mercury 
falls out, wliereby the upper part of the tube is 
left empty whilft the lower part continues full. 
Now, forainiuch as it has appeared from experi- 
ments, that the fufpenfion of the mercury in the 
tube is owing to the prefflire of the air on the ftag- 
nant mercury ; the pillar of mercury which is kept 
up in the tube, muft always be equal in wi^ight to 
a pillar of the atmofphere of the fame thickness ; 
confequcntly, as the weight of the atmofphere va- 
ries, the height of the mercury in tlie barometer 
muft do fo too; the mercury conftantly rifing as 
the weight of the air increafes, and finking as that 
C^ 3 lelTens. 
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Lect. UJTcns. That the minute variations in the hdght of 
J: ' the mercury may be obferved, that part of ths 
^^^ tube which lies between the limits of the leaft mi, 
greateft height, to wit, from 28 to 31 inches, k 
graduated-, each inch being divided into ten or 
twelve equal parts by means of a table, whereuntO' 
tlie tube is fixed ; whereon likewifc are inicribedin, 
their proper places luch conftitutions of the air and 
weather, as have been obferved to accompany dif- 
ferent heights of the mercury. In contriving thii 
inftrumcnt, care muft be taken to make the box, 
which contains the ftagnant mercury, fo large, 
that upon the rifing or falling of the mercury in the 
tube, the height ofthat in the box may fuffer little 
o,r no variation ; for Ihould the ftagnant mercury 
fmk upon the rifing of the mercury in the tube, or 
rife as that finks, which muft be the cafe where the 
box is fmall ; the rife or fall of the mercury in the 
tube will appear to be lefs than it really is \ as fiw. 
inftancc, if^when the mercury rifcs half an inch in 
the tube, it does at the fame time fall a quarter iq 
the box, tlie rife in the tube, which appears to he 
only half an inch, is in tinith three quarters -, becauft 
the height of the mercury is always to be computed, 
from the furface of that in the box. So, on the 
other hand, if the mercury by falling half an inch 
in the tube rifes a quarter m the box, the true de-. 
fcent in the tube is three quarters of an inch ; inai^ 
much as the height of the mercury in the tube above 
the furface of the ftagnant mercury in the box, is 
lefs after the fall by three quarters of an inch. By 
making the circular area of the box thirty or forty 
times greater than that of the tube, (which is ge. 
nerally the cafe, the tubes of moft barometers be-« 
iiig but one fifth of an inch wide, and the boxes, 
an inch and a quarter) the ftagnant mercury 
In the box may be kept conftantly at the fame 
height very nearly, the greateft variation of th? 
height not amounting to more than the tenth or 
twelfth 
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twelfth part of an inch, which is inconfiderable. Lect. 
If the tube inftead of being continued direflly ^ .jf Y". 
upward, be bent at the height of 28 inches, in the pi, __ 
manner here reprefented, it is then called an infleSed Fig. i. 
or diagonal harotneter ; in which the inclined part 
AB may conftitnte an obtufe angle of any magni- 
tude with the perpendicular part EC ; but the near- 
er the angle approaches to a right one, the longer 
mull the inclined part be ; for it muft be continued 
until the perpendicular altitude thereof AH, above 
the horizontal line HB, becomes equal to three 
inches, which is the difference between the greatell 
and leaft height of the mercury in the barometer -, 
othcrwifc, the mercury will not have room to rife to 
its utmoft height, at fuch times as the conftitution 
of the air requires it. This barometer Ibews the 
minute variations in the weight of the air much 
more accurately than the former ; becaufe the rife 
or fall of the mercury in the inclined part AB is 
very fenlible, when an alteration in the perpendicu- 
lar height is fcarcely to be perceived. But then the 
box which contains the ftagnant mercury, ought to 
be much larger in proportion in this than in the 
former; becaufe in this, a much larger quantity of 
■mercury rifes into, and falls out of the tube, upon 
the changes of the weather. 

If the lower part of the tube in the firft barome- 
ter, inftead of being inferted into a box, be turned 
np in the form of a crook, it is then called a curved 
barometer, in which the crooked part generally ter- 
minates- in a large bubble open at top. Thebubblfe Pl, -j. 
contains the ftagnant mercury, which, as it is prcf- fig- 4- 
fed upon more or lefs by the incumbent air, is forced 
up to a greater or fmaller height in the ftrait part 
ot the tube. In this barometer the bubble ought 
to be fo large in proportion to the tube, as that 
Tipon the greateft variation of the height of the 
mercury in the tube, the height thereof in the bub- 
ble may not vary above one tenth of an inch ; the 
Q^+ neceflity 
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L E c T. ncccITit)" there is for this, is mdent from wliat 
^^' faid concerning the magnitude of the box in the 
^~^ firtl kind of barometer. 

BeHdes the barometers hitherto mentioned, tlicre 
is the wi&«/, as alio \\ic pendant or conical, baremtter, 
and others of various kinds ; wiiich, however they 
may differ as to their ftnidiires, do all agree in 
(hewing the changes in the weight of the air, by 
the rifing and falling of the mercury in their tubes ; 
wherein it fomctimes, the' very rarely, defcends 
as low as twenty eight inches j and at others riles 
to thirty one -, the mean height thereof being twenty 
nine inches and an half. So that a pillar of the at- 
mofphere, in the mean ftate of its gravity, is equal 
in weight to a pillar of mercury of the fame tkick- 
nefs, and whofe altitude is twenty nine inches and 
an half Whence it follows, chat an inch fquareof 
the earth's furfa.ce, or of any other body contiguous 
thereto, fuftains a prefliirc from the incumbent at- 
mofphere, when in the mean ftate of its gravity^ 
equal to leventctn pounds, eight ounces, and 374 
grains ; that being the weight of a fquare pUlar 
of mercury one inch thick, and twenty nine and 
an half high. . 

From this great prcfiiire.of the air it is, that two 
brazen hemifphercs, whofe diameter is three inches 
and an half, being laid one upon another, and then 
exhaufted, cling (o faft together, as to require above 
1 50 pounds to feparate iind draw them afimder. * 
And it muft be obferved, that as the globe in this 
experiment cannot be perfectly exhaufted, that 
fmall portion of air which remains within, by ex- 
panding itfelf, contributes to the feparation of the 
hemifpheres i for which reafon, they are drawn a- 
funder by a Icfs weight than that wherewith the air 
preflesthem together-, for the diameter of the fpherc 
being three inches and an half, the area of it« * 
gre^tcft circle is nine fquare inches and three fifths I 
nearly i confcquently, the weight of that pillar of j 
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air which preffes the hemifpheres together, is not L s c t. 
Icfs than 162 pounds, even in its lighteft ftate, ^ Y' 
when the mercury in the barometer ftands at the ~'~ 
height cf 28 inches only. If the globe, after it 
has been exhaufted, be hung witliin a receiver, up- 
on drawing the air out of the receiver, the lower 
htmifphere will fall otF from the other-, which . 
plainly fliews, that their cohefion is owing to no- 
thing elfe but the weight and pretTure of the air 
upon them. 

Since the atmofphere even in its lightetl ftate is 
{o ponderous, as that a fqiiare pillar of it one inch 
thick weighs lixceen pounds, nine ounces, and 461 
grains; it follows, that a middle fized man, the 
iurface of whofc body is generally allowed to con- 
tain about fifteen fquare feet, fuftains a preiTure from 
the atmofphere, when in its lighteft ftate, equal ro 
the weight of 31144 pounds-, which preflure on 
larger bodies, and in heavier ftates of the air, is dill 
greater ; and therefore it may well be afked, how 
ic comes to pafs, that we are not fenfible of this 
preflure, great as it is. In anfwer to which itmuft 
be obferved, that fuch prefliires only are perceived 
by us, as do in fome meafure move our fibres, and 
put them out of their natural fituation. Now, the 
pccfflire of the air being equal on all parts of the 
body, cannot pofTibly move the fibres of any one 
part, or force them from their fituation ; but on 
the contrary, mult by reafon of its uniformity 
keep all the fibres in their proper places, and as lo 
doing, cannot be perceived. And that this is the 
cafc is evident from hence, that if the prelfuie of tin; 
air be taken off from one part of the body, the 
preflure on the neighbouring parts immediately be- 
comes fenfible. Thus, if a man covers the top of 
an open receiver with his hand, upon exhaufting 
the receiver, and thereby taking off the preffure of 
ihc air from the palm of the hand, he will perceive 
a weight 
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a weight on the back of his haiid> and that To greats 
as to put him to pain, and almoft endanger the 
lirtaking of his hand. 
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LECTURE XVI. 

Of Pn£umaticks. 

Y the elafticity of the air, whereof I intend 

to treat in this lecture, we are to underiiand 

that force wherewith the particles of air expand 
themfeives, and recede from each other, whenever 
xhe preiTure from without, which keeps them to- 
igether, is taken off. The method which I ihaH 
^ferve in treating of this force is, Firft, to fhew 
from experiments, that the air is really indued with 
fuch a force ; and. Secondly, to enquire into its 
nature and laws. 
Exp. I. As to the firft, if a little wdrmed ale, or any 
other liquor fomewhat glutinous, be put into a ^a& 
and included in a receiver, upon exhaufting the re- 
ceiver the liquor will rife in large frothy bubbles, 
and run over the glafs. 

As the liquor is glutinous, it retains a great num- 
ber of airy particles, which upon the removal of the 
outward air, and therewith the preflure which it 
makes on the liquor, dilate and expand themfelves ; 
and forafmuch as they cannot readily extricate 
themfelves from the liquor by reafon of its clano- 
minefs, they raife it up, and carry it over in the form 
of froth. And for the fame reafon it feems to be, 
that meath, cyder, and moft other domeftick wines, 
after they have been bottled a while, upon drawing 
the cork, fpurt out and fly. For as they are all in 
fome meafure glutinous, they retain a good quan- 
tity -^F air j which upon corking the bottle ia con- 

denfed 
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denied by reafon of the condenfatlon of the air ht en 
which is lodged in the neck of the bottle ; befides, , ^^' ^ 
by the flight fermentation which fuch liquors com- ~'' ' 
monly undergo in the bottle, a frelh fupply of air 
is generated, equal in denfity to the former. When 
therefore upon drawing the cork, the extraordinary l 

preflbre arifing from the condenfed air in the neck 
of the bottle is taken off, the air which is diiperfed 
thro' the liquor expands itfeLf with great force, 
and not finding a ready paJTage between the parts 
€)f the liquor, which by reafon of their clamininefs 
do not eafily feparate, drives the liquor before it 
in the manner of a fpout. But to proceed i 

The expanfive force of the air is likewife evident 
from the following experiment, Let a glafs bottle Exp. », 
of a globular form, and containing a fmall quan- 
tity of water, have a fmall glafs tube open at both 
ends, inferted into it fo far, as that the lower end 
may be below the furface of the water ; and let the 
infertion be made by means of a fcrew and a collar 
of leathers, in fuch a manner as that no air may 
pafs into or out of the bottle ; let then the whole 
apparatus be placed under a tall receiver, and upon 
il, exhaufting the air out of the receiver, the water will 
I Fife up thro' the tube in the form of a jet, which 
!' will be higher or lower in proportion as the receiver 
] is more or lefs exhaufted -, the reafon of which is, 
it' that the air included in the bottle, by endeavouring 
I tp expand itfelf, prefies upon the furface of the 
I water, which therefore muft rile in the tube, as foon 
1' as the preiTun^ of the outward air which keeps It 
il, down Ts leflened -, and the greater the diminiuion 
pf that external prelTure is, the higher the water 
muft be thrown. 

If a bladder wherein a fmall quantity of air is Exp. 5. 

included, be placed under a receiver, upon drawing 

the air out of the receiver, the bladder will fwell, 

?nd the fwelhng will be greater or lefs in propor- 

i tion as the receiver is more or Jefs emptied ; which 

\ plainly 
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Ubct. plainly argues an cxpanfive force in the included 
i? ^ " air-, as does llkewife the burfting of a full blown 
tn. i. bladder in an cxhaufted receiver ; as alfo the 
■tap. 5. cracking of a fquare glafs phial when dole ftop- 
;*>?•<>■ ped. 

If a fmal! fiphon, having a weight faftencd fit>m 
the hand of the pifton, and being clofed at the 
end fo as that upon drawing up the pifton no air 
can get in, be fulpended in an invtrted pofidon 
with the wci^t downward, and then covered mth 
a receiver ; upon drawing jiai t of [he air out of the 
receiver, the weight will defccnd, and draw down 
the pifton -, and upon tlie rcadmifTion of the air it 
will rile again. 

\Vhen part of the air is drawn out of the recei- 
ver, that portion which remains within expands it- 
felf, whereby its fprirg is fo far weakened, as not to 
be able to ftand againft and fupport the weight, for 
which rcafon t]ie weight defcends j whereas, upon 
the return of the air which was carried off, the elaf- 
tick force is fo far increafed, as to become an over- 
balance for the weight, and upon that account 
drives it up. 

From this and the foregoing experiments it fully 
appears, that the air is indued with an expanfive 
force. Whence that force arifes, and what the law 
of its aftion is, comes now to be confidered. 

The naturalifts were formerly of opinion, that 
the elafticity of the air was owing to the ftiape and' 
figure of its parts ; for they fuppofed each particle 
of air to confift of feveral branches, which being 
of a pliable nature, were capable of being compref- 
fed and fqueezed together by any outward force, and 
of expanding and fpreading themfelves abroad upon 
the removal of the comprefling force; and this 
has been thought by fome to be a full and fatisfac- 
tory account. But that great philofopher Sir Isaac 
Newton was of opinion, that the cxpanfive force 
of the air is altogether inexplicable' on the foot of 

ihts. 
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this, or indeed any other hypothefis, except thatLECT. 
of the air's being indued with a repelling power, ^^}' . 
whereby the particles recede and fly from each 
other i his words are thefe. 

" That there is a repulfive virtue, feems alfo to 
" follow from the prodiiftion of air and vapour. 
*' The panicles when Ihaken off from bodies by 
** heat or fermentaiion, Jo foon as they are beyond 
" the reach of the attraiftion of the body, reccd- 
** ing from it, and alio from one another with 
*' great ftrength, and keeping at a diftance, fo as 
" fomctimes to take up above a million of times 
" more fpace than they did before in the form 
•' of a denfe body ; which vaft contraftion and 
*' expanfion fcems unintelligible, by feigning the 
" particles of air to be fpringy and ramous, or 
** rolled up like hoops, or by any other means 
" than a repulfive power." 

Now, fuppofing this to be the cafe, and that the 
repelling power of each particle exerts irielf on the 
next adjacent particles only, as Sir Isaac leemed 
to imagine, I (hall fliew you what the law of this 
repelling power is, or, in other words, how this 
power IS varied, by varying the diftance of the par- 
ticles i and in order thereto, Ihall lay down the 
following Proposition. 

Prop. If a fiiiid be compofed ef particles endued ' 
with a repulfive power, fo as that each particle repels 
thofe, and ihofe only, which are next it, and if the 
force wherewith two adjacent particles repel each other, 
he tn a given reciprocal ratio of the interval of their 
centers -, thai is, putting I for the interval ef the cen- 
ters, and P for the index of the given pawner of that 
interval; I fay, if two adjacent particles repel each 

ether with a force that is as -p-, the force which com' 

prejfes the fluid, is as the cuhick root of that power ef 

the 
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J. • c T. tkr denfity of the fluid, vthofe index is P increafti ^ 

XVI. a^ ^f p + 2 ; that is, putting Y for the camprtjj^ 

forff., and D for the dtnftty of the fiuid, F is as O 

raifed up to the power vjbofe index is . 

Bitp. 7. For the proof of this, let a portion of the fluid 
be concained in a given cubick fpace, whofe upper 
PI. 7- furface is denoted by the iquare ABCG, the com- 
*''g- S- prcfling force being applied to that furface. 

The claitick force of the fluid, which withftands 
the comprefling force, and is exaftly equal thereto, 
is the force oi ihofe parts only which compofe the 
upper furface i becaule the repelling forces of the 
particles are fuppofed to exert themfelves on thofc 
particles only which He next them, and not to ex- 
lend to particles more remote. But the force of 
the fuperficial parts is as the number of particles in 
the furface, and the force wherewith any two adja- 
cent particles repel each other conjointly. Now, the 
number of particles in the given fquare furface, is 
reciprocally as the fquare of the diftance of the 1 

centers of two adjacent parts 1 that is, as yr 1 and 
by fuppofition, the force wherewith two parti- 
cles repel each other, is as -p- 1 and therefore, the 
daftjck force of the fluid, and of confequence the 
compreffive force, or F, is as -pXi- The denfity 

(rf'the fluid contained in the given cubical fpace, is 
inverfly as the cube of the diftance between the 

centers of the particles 1 that is, D is as, =^, and I 

is as TTT ; and therefore, by fubftitucing frr in the 

room of I, F is as D • 1 that is, the compref- 

five 
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five force is as the cube root of that power of the L h c t. 
denfity of the fiuid, whofe index is P -f 2. ^ ^.^ 

CoROL. From this propofition it follows, that ^'™*^ 
if the denfity of an claftick fluid be as the force 
which comprefles it, the particles repel one another 
with forces that are inverAy as,the dtftances of their 
centers. 

P + 2 . 

For fince F is as D, is equal to unity, and 

fo likewife is P ; confequently, the P power of I, 
whofe reciprocal expreffes the repulfive force of the 
particles, is equal to i. 

Hence the particles of air muft repel one another 
with forces reciprocally proportional to the diftances 
of their centers, becaufe the denfity of the air is 
proportional to the force which comprefles it ; as 
will appear from the following experiment. 

Let an inflexed tube as AB, open at both ends, Exp. 8- 
be filled up with mercury to fome fmall height, 
fuppofe DC ; then flopping the end B, fo as that P|- 7- 
the air may not get out when it is comprefled, and ^''S' ^ 
meafuring the length of B C, that part of the ftior- 
ter leg that is filled with air, which air, it is evident, 
is compreffed by the weight of the atmofphere ; 
let mercury be poured in at A, till the height there- 
of in the longer leg above the height of the fame in 
the fhorter, becomes equal to the height at which 
it Hands in the barometer, by whicli means the air 
in the fhorter leg will be comprefled by twice the 
weight of the atmofphere ; let then the length of 
that part of the leg which is pofTcfTed by the air un- 
der this double preiTure be meafured, and it will be 
found to be jult one half of EC ; whence it appears^ 
that the fpaces which a given quantity of atr pof- 
feflcs under different preffures, are reciprocally pro- 
pordonal to the preflTures ; and confequently, inaf. 
much as the denfities of bodies where the quantity 
of matter is given are reciprocally as their magni- 
tudes. 
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■ tudcs, the dcnfity of the air is dircftly as thecom- 
prdTing force. From this property of the air, Cotu 
has deduced a method for determitiing the denfity 
thereof at any height.; what he has delivered con- 
cerning this matter, is contained in the 5th chapter 
of his Harmoma Meitfurarum, which I ftiall endea- 
vour to explain to you 1 and in order thereto, ftiall 
lay before you fuch properties of the logaridunick 
curve, as I iliall have occafion to make ufe of, refer- 
ring you for their demonftrations to the forementi- 
oned author, and others who have wrote of that 
curve. Let then BDGI be a logarithmlck curve, 
AH its afymptot, that is, a right Une fo fituated 
with refpecl: to the curve, as not to meet it till it is 
drawn to an infinite, or rather indefinite length, 
BA, DC, and GF, ordinaces, that is, right lines 
perpendicular to the afymptot at the points A, C, 
and F, and terminating in the curve. BC a tan- 
gent to the curve at the point B. The properties 
of this curve, which I ihall have occafion to men- 
tion, are thele Jour. 

Firft, Any portion of the afymptot intercepted 
between two ordinates, is the logarithm or meafure 
of the ratio whicli thofe ordinates bear one to the 
other; thus AC meafures the ratio of B A to DC; 
andCF mealures the ratio of DC to GF; and 
fo likewife, AF meafures the ratio of BA to OF, 
And if AC, AF, and AH be in arithmedck pro- 
portion, then DC, GF, and I H arc in geometrick 
proportion ; and if any portion of the afymptot 
be a given quantity, then is the ratio of the two 
urdinates, which intercept that portion, likewife 



Secondly, That portion of the afymptot as AC, 
which is intercepted between a tangent and an or- 
dinate, drawn to the fame point of the curve as B, 
is a given quantity , or in other words, to what- 
ever point of the curve the tangent and ordinate arc 
drawn. 
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flrawn, the portion of the afymptot which they in- L e c t. 
tercept is always of one and the fame length. The ''^'^Lj 
|)ortion fo intercepted is called the /ai/<j»^f7i/, andjt^*^"™"^ 
is the module, or that which regulates the magni- 
tudes of all the logarithms in the fame fj-ftem ; for 
they are greater or lefs in proportion to the magni- 
tude of the fubtangenti fo that if in two logarith- 
mick curves, the fubtangent of one be double or 
triple the fubtangent of the other, the meafures of 
the fame ratios are likewife twice or thrice as great 
in the former as they are in the latter. 

Thirdly, The indefinite areas comprehended be- 
tween the curve and the afymptot, drawn on to an 
indefinite length beyond HI, are to one another 
as the ordinates which bound them in their wideft 
parts ; thus, the indefinite areas BAHI, DC HI, 
and G FH I, are to one another as the ordinaces 
BA, DC, andGF. 

Fourthly, The indefinite fir^a BAHI, is equal 
to the parallelogram BACE, comprehended under 
the ordinate B A, and the fubtangent A C. 

Thefe things being premifed, let ABreprefent 
the earth's fuiiace, and let AH be a line perpendi- 
cular thereto ; then, forafmuch as the denfities of 
the air at different heights, are as the prelTures of 
the incumbent atmofphcre, and the ordinates in the 
.curve, as the indefinite areas which lie beyond ^ 
them ; if the indefinite area BAHI be made to de- 
note the weight or prefiure of all the air, and AB 
its denfity at the furface of the earth, then, by the 
third property of the curve, the indefinite area 
DC HI will denote the weight or preflure of all 
the air which lies above C, and the ordinate D C 
will denote the denfity of the air at that height ) 
ind thus it is With regard to any other height, fo 
that at all heights, the denfities of the air will be 
denoted by the refpcftive ordinates ; wherefore, by 
the firft property of the curve, the difference be- 

R twecn - M 
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. rwcen any two heights, is the mcafure of the ralio 
which the denfitics of the air bear to one anothtr 

" ai thofe heights j thus CF meafures the proportion 
which the air's denfity at the height C bears to in 
dcnfity at the height F. Let us now i'uppofe the 
force of gravity to ceafe, and that the air is lo 
comprefled by fomc external force, as to be cvcty 
where from top to bottom of the fame denfity, as 
it is at the furface of the earth i its weight or prcf- 
fure, which before was denoted by the indefinite^ 
area BAHI, may now be denoted by the paraUe> 
logramBACE, inafmuch as by the fourth pro- 
perty of the curve, that area and this parallelogram 
are equal. Since then two fluids which barajK* 
each other muft have their heights inverfly as thai 
fpccifick gravities, if we put unity to denote thQ 
fpecifick gravity of the air at the lurface of the 
earth, and fay, as unity to 11890, which is d4 
fpccifick gravity of mercury with rcfpe<ft to duj 
of air, fo is zj- feet, which is the height of tM 
mercury in the barometer, to a fourtli number, vt 
ftiall have 29725 feet for the height of the honio» 
gencal atmofphere -, and this height is equal to th 
(iibtangent AC. For fince the prefTure of thi 
homogencal atmofphere is as its denfity into il 
height, and Ukewile as the reftangle BACE; an 
fince the denfity is denoted by BA, the height 
muft be denoted by AC, the module in this fyftew 
of logarithms. Hence we have a method for dt^ 
tcnr.ining the denfity of the air at any height 1 fo* 
putting H to denote the height at which the den* 
fity of^the air is required, by the fecond propertj 
of the curve, we have this analogy, as the int^^ 
number marked A, which is the module of dl* 
fyllem, is to the trai5tional number marked I 
which is die module of Brigos's fyftem, fo is ] 
exprefTed in feet, to a fourth number, which i 
Briccs's tables is tlie logarithm of the _ra:ia .1 

the 
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le denHty of the air at the earth's furface, to its L e c t. 
infity at the height H, anfwerable to which '". ^^ 
le tables is the natural number exprefiing that ^""""""^ 



fftie. 



A B 

3725 : 0.434Z9448 1 : H 



0.43429448 X H 



29725 
B C D 

6400 X o.4.34?9448 



~— 0.385661. 2.4303. 



29725 



Thus, for inftance, if the denfity of the air at 
le height of five miles, or 26400 feet, be required, 
Y multiplying that number by the fractional num. 
Ef marked B, and dividing the product by the 
itegral numljer marked A, we fhall have the lo- 
irithm marked C -, anfwerable to which in the 
Lbles is the natural number marked D, exprefiing 
ratio of the air's denfity at the furface of the 
:h, to its denfity at the height of five miles j 
'hence it appears, that at the furface of the earth, 
the air is denfer than it is at the height of five miles, 
in the proportion of almoft 2r to one ■, but then, 
this is on fuppofition that the force of gravity con- 
tinues the fame at all heights, whereas in truth, 
that force decreafes in the recefs from the earth's 
center in the duplicate ratio of the diftance, whicli 

Pufes the denfities of the air at different heiglits to 
fomewhat different from what they would be in 
fe the force of gravity did not vary. 
In order therefore to determine the denfities more 
accurately, let S be the earth's center, and AB, PI. 7. 
equal to A B in the laft figure, the earth's furface, l^ig- 8. 
id let F be the height at which the denfity of the 
r is required; IctSK be a third proportional to 
F and SA, and at the point K, let the ordinate 

R2 KG ■ 
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■ KG be drawn, denoting the denfity (^ the air 3C F, 
then taking the point M at an indefinitely finall dif- 
cance above F, let SL be a third proportiona] to SM 
and S A v and at the point L, let the ordinate LN 
be drawn, denoting the denfity of the air at M ; thU 
being done, it will appear, that the curve BGK, 
whicli pafieih thro' the points G and N, is the fame 
logarithmick curve with the former, but in an in- 
verted pofition. For fince S L is to S A, as S A to 
SM, and fince SK is to the fame SA, as SAto 
SF, then by equality o£ rath, SL is to SK, as SF 
10 SM, and by divifion and permutation, KL is 
to FM, as SK to SM 1 or bccaufe FM is indefi- 
nitely fmall, as SK to SF i that is, as SA^ toSF^; 
whence reducing that analogy into an equation, and 

dividing by SF% we ihall have KL = Cf7~~' 

and rcjefting SA\ as being a given quantity, we 
ihall have KL as FM direftly, and SF^ inverflyj 
but F M is as the quantity of air in the indefinitely 
little fpace FM, and SF'' inverfly is as the gravita- 
tion of the fame air, and K G is as its denfity ; con- 
fequently, the redangle under KL and KG, or the 
area KGNL, is as the gravitation, the quantity, 
and denfity of that air conjointly, that is, as its prei- 
fure on the air beneath it ; and the fum of all the 
fimilar areas below KG, is as the fum of all the 
prefilires above F, that is, as the denfity of the ai^ 
at F, nr as KG, which denotes that denfity-, anal 
KGN L which is the difference of the two Aims of' 
all the fimilar iirCiSj, one of which fums begins from 
the point K, and the other from the point L, is as 
the difierence of the air's denfities at F and M, that 
is, as KG — LN. Let now KL be given; that is 
to fay, let ilie fmall portion intercepted between 
KG and LN be always of one and the fame leugthi 
in whatever parts of the line AS the points K and 
J^ are taken i then KG will be as the area KGNL,. 

and 
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.,ind confequently, as KG — LN-, whence by divi- L e c t, 
lion, KG will be as LN, fo that the rath of KG ^^I- 
to LN is given, and of courie the given hne K L '-""^^^ 
will be the meafure of that given ratio; whence 
by the firft property of the logarithmick curve, the 
curve which palTeth thro* the points G and N is a 
logarithmick curve ■, and it is alfo the fame with the 
former ; for taking A O the height above the earth's 
furface indefinitely fmall, it is evident, that the 
force of gravity is the fame at O that it is at A, 
confequently, the denfity of the air at O will came 
out the fame, whether the law of gravity be taken 
into the confideration or left out ; let then the or- 
dinate O P be drawn in the former curve, and w the 
fame diftance from A in the latter curve, let the 
ordinate PQ^be drawn. Now, fmce one and the 
fame denfity of the airattheearlh's furface is denoted 
in both curves by the equal ordinates B A, k is evi- 
dent, that the ordinares OP and PQj which in the 
two curves denote one and the fame denfity at O, 
muft; likewife be equal i whence it follows, that 
both curves have the fame curvature, as alfo the 
fame inclination of their tangents at the points B, 
and their fubtangents equal ; that is, the latter curve 
is the fame with the former, but in an inverted po- 
fition. Now, forafmuch as B A in the latter curve 
denotes the denfity of the air at the furface of the 
earth, and KG its denfity at F, it is evident by the 
firfi: property of the curve, that in this fyfl:em, AK 
is the meafure of the raih which the denfity at the 
furface has to the denfity at F ; the firfi: thing there- 
fore which muit be done, in order to difcovcr the 
denfity at F, is to find out the line AK, and this 
is done by diminilhlng AF in the fame proportion 
that the earth's femidiameter SA is lefs than SF, the 
diftance of F from the earth's center ; for by the 
conftrucT:ion, SF is to SA, as SA to SK -, whence 
by divifion, SF : SA : : AF : AK. AK being 
thus obtained, let it be called H j then, by the fame 
R 3 procels 
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L E c T. procefs as before, we may difcover the denfity of 
^J^Jlj the air at the height F. 

E feet. 

4000 KS -. , 

4005 ; 4000 ; : 5 : ~^^ = 4-99375 = 26367. 
B F G 

26367 X O.4342Q44R „ 

A = 0.385232. 2.4279. 

39725 

For inftance, if the denfity of the air at the. 
height of five miles be required as before -, thffl 
by faying, as 4005 miles, that is S F, is to 400ft 
miles, that is SA, fo is five miles, that is AF, to t 
fourth, we,(hall have the number marked E, < 
prefling miles, and parts of a mile, equal to 26367 
feet, which being multiplied by thefradional num- 
ber marked B, and the produft divided by the in- 
tegral number marked A, we Iball have the frafti- 
onal number of Briggs's tables marked F, anfwcr- 
able to which is the natural number marked G, ex- 
prcffing the ratio of the air's denfity at the furfacft 
of the earth, to its denfity at the height of five 
miles. After the fame manner may the rath of 
the air's denfity at the furface, to its denfity at any 
height be computed. The refult of fuch compu- 
tations I have fct down in the annexed table j the 
firft column of which contains the heigiits of the 
air in Englifo miles, whereof 4000 make a femi- 
diametcr of tlie earth. The numbers in the fecond 
column exprefs the ratio of the air's denfity at the 
furface, to its denfity at the refpeftive heights, and 
they likewife denote the rarity or expanfion of the 
^ir at thofe heights. The tliird column contsunj 
the denfities and compreffions at the feveral heights.. 
The numbers at the bottom of the fecond column, 
included in crotchets denote, that fo many figures 
are to be annexed to the five preceding, and tiiof* 
included ii> the crotchets at the boiwm of the thir4 
(oliimi; 
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column denote 


, that fo many decimal cyphers zi^htcr. > 


to bs prefixed 


to the five following figures. , ^^^- . 


Hcightsotthc 


[parity anil expan- 


ComprefTion and 




air in Eng- 


fion. 


denfity. 




lijh miles. 






. 





_. 1 — 


I 


~i 


1.0454 


o.g^6j6 




-3 


1.0928 


0.91509 




-f 


— 1.1424 


^■^75i5 




I 


1.1943 


0.85405- 




I~ 


— 1.2429 


0.80456 




It 


— ■- 1.3052 


0.76616 




l\ 


— 1.36+4 


0.73290 




2 


— 1.4263 


0.701 1 8 




2l- 


,.487t 


0.67244 




2^- 


— 1.5586 


0.64160 




l\ 


— 1.6292 


G.61379 




_. 3 


I. 7031 


0.58716 




3t 


1.78S3 


0.55919 




34^ 


1.8596 


0.53775 




', 3* 


1.9460 


0.51387 




4 


— 2.0336 


0.49173 




4i 


■— 2.1257 


0.47043 




4t 


— 2.2221 


0.45002 




4^ 


— 2.3226 


0,43012 




5 


2.4279 


0.41187 




lO 


5.91S2 


0.16897 




20 


— 34.288 


0.029164 




30 


— 19S.34— 


0.0050418 




40 


— — 1136. — 


0.00088028 




50 


6449.2 — 


0.00015505 




100 


33584f3]— 


0. [7 26798 




400 


Ii27ir24] — 


0. [28 88723 




4000 


I93i6ri50 — 


0-[i54 51770 




40000 


33097(276 — 


o.[28o] 30214 




400000 


32859[30i. — 


o.fsos 30433 




1000000 


i20o2[3b3 — 


o.[307 45450 




Infinite. 


.!73"[304. — 


o.[3o8] 26802 




:■::- 
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.BCT. CoROL. Since SF is by conftrudion equal t<j 
— V-— ' (.„ , and fince from the nature of miifical propor- 
tion, the quotients arifing from the divifion of one 
and the fame quantity by quantities in arithmetick 
progreffion, conftitute a feries of mufical propor- 
tionals, it follows, that if feveral diftances from 
the earth's center as SF, be taken, in mufical prot 
■ grelDon, their reciprocals as SK, muft be in arith- 
metick progrcfTion; and by the lirft property of the 
iogarithmicK curve, the denfitiea of the air as KG, 
muft be in geometrick progrediQii. 

Since the denfitj* of the air is proportional to 
(he comprefTuig force, and fince the- compreBing . 
force is equal to the elaftick force, it is manifcft, . 
that if the denfity of the air be increafed, the elaf- 
ticity will likewife increafe in the fame proportion i 
and on this principle are founded artificial fountains, 
which play by means of condenfed air ; they are of 
PI- 7- two kinds, fingle and double. The fingle foun- 
t's- 9* tain is made of brafs, and is every where Ihut, ex- 
cepting that thro' the middle of the bafon BB. 
there paflTes down a pipe PP, whofe lower end 
re3,ches nearly to the bottom of the fountain, and 
to the upper end is fitted a ftopcock, by help of 
whicJi the pipe may be fliut or opened at plea- 
fure. 
Exp. 8, Some part of the fountain as ADC, being filled 
ynth water poured in thro' the pipe, a condenfing 
or forcing fyphon is fcrewcd to the top of the pipe 
above the cock, by means whereof a great quantity 
of air is thrown into the pipe -, which as it cannot 
return back, by reafon of a valve which fhuts clofc 
upon the hole of the fyphon, forces its way thro* 
the water into the upper part of the fountain, and 
there remains in a ftate of condenfarion, greater than 
that of the outward air, When therefore the con- 
denfer is taken oif, and the cock opened, the in- 
cluded air prcfling ftrongly on the water which lies, 
bencatl^ 
5 
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beneath it, throws'it up thro' the pipe, and thereby L b c t. 
makes a jet. , ^ J- 

The force wherewith the water is thrown up, is 
proportional to, and may be expreffed by the excefs 
pf the denfity of the included air above that of the 
external air. For if the included air be equally denfe 
with that without, its elaftick force mult be equal 
to the compreffive force of the atmofphere -, conle- 
quently thofe two forces will balance one another, 
and the water will continue at reft, being prefled as 
ftrongly downward by the weight of t!ie external 
air, as it is upward by the expanfive force of the 
included air -, but if the included air be more denfe 
than the external, its elaftick force will exceed the 
compreflive force of the atmofphere, in the fame 
proportion that its denfity exceeds the denfity of the 
outward air ; confequcntly, that part of the expan- 
five force of the included air which raifes the water, 
is proportional to, and may be exprefled by, the 
excefs of the denfity of the included air above that 
of the external air. So that putting F for the force 
which raifes the water, D for the denfity of the in- 
cluded air, and i for the denfity of the air without, 
F is asD — I. 

The height in feet fo which the water rifes, let- 
ting afide all impediments, is equal to the produd: 
arifing from the multiplication of 33 into the ex- 
cefs of the denfity of rhe_ included air above that 
of the outward air; that is, putting H for the 
height of the jet, and x for 33, H =:xD — x. 

For as water which is driven out of a refervoir by 
the preflTure of the incumbent water, if it fpouts di- 
rectly upward, rifes to the fame height with the wa- 
ter in the refervoir -, fo if it be driven by any other 
force, it muft rife to an equal height with a pillar 
of water whofe prefiure is equal to that of the driv- 
ing force ; forafmuch therefore as the atmofphere 
in;ikes an equal prefilire with a height of water of 
33 feet, 
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33 feet, the water will be thrown to the height of 
33 feet by the compreflive force of the atmo- 
fphcre 1 wherefore if we put 1 for the prenbre of the 
atmofphere, and fay, as one is to 33 or x, fo is 
D — J , wliich exprefies that part of the prelTiire of 
the included air which drives out the water, to a 
fourth proportional, wc Ihall have xD — .x, or 
X X D — 1, for the height to which the water is 
thrown ; whc-nceit appears, that if D — i be equal 
to unity, winch is the cafe when the air within is 
as denic again as that without, the water will rife 
to the height of 33 feet; and if D — 1 be equal 
to 2, which is the cafe when the included air is 
thrice as denfe as the external, the height of the 
jet will be 66 feet, and ib on. 

The double fountain confifts of two fingle foun- 
tains, whofe bottoms are fallened to an hollow brafs 
cylinder, one at each end, in the manner reprefent- 
fl. 7. ed in the figure, wherein AA and BB denote the 
yig. 10. two fountains with their bafonsi CC the hollow 
cylindeir, which plays upon the pins DD as upon 
an axle ; each has a pipe as P, whofe lower end 
reaches nearly to the boitom of the fountain. From 
the bafon of the fountain AA, there ifliies another 
pipe as T, v/hich paffing thro' AA, and likewife 
the hollow cylinder CC, without communicating 
with either, opens at E into the fountain BB. And in 
like manner, luch another pipe ifTuingfrom the ba- 
fon of BB, and pafling thro' that fountain and the 
cylinder, opens into the fountain AA. The hol- 
T.xp. 0. low cylinder being placed in an upright pollure by 
means of the carriage which fupports it, and the 
pipes of the lower fountain being Hopped, water is 
conveyed into it thro' the pipe T, which iffues 
from the bafon of the upper fountain ■, by the run- 
. ning in of the water, the air contained in the lower 
fountain is crowded' into a fmaller fpace, and there- 
by condenftd ; i±" then both die pipes ef the upper 
fountain 



Of sounds. 25y' 

fountain be ftopped, and tlie lower fountain be 
brought into the place of the upper, by turning the 
cylinder on its pins, the water which it contains will '> 

fall to its bottom, and the lower end of the pipe P 
will be immerfed therein, in the manner repreient- 
ed in the upper fountain ; fo that upon opening 
that pipe, the water will be driven thro' it by the \ 

expanfive force of the condenfed air ; and as it falls I 

into the bafon, it will be conveyed thence by the | 

pipe T into the lower fountain ; and when the up- J 

per is exhaufted and ceales to play, then Itopping 
Its pipes, and changing the places of the fountains 
as before, the other may be fct a going in the fame 
manner. 



^ LECTURE XVII. 

Of Sounds. 

IN this ledlure I ftiall firil explain to you the Lect, 
NATURE OF SouNDS, and then treat of the XVII. 
il VIBRATIONS OF Musical Strings. "• '-* 

I That Sounds have a neceflary dependance on 
\ the air, will appear from the following experi- 
1 ment. 

Let a bell be placed under a receiver in fuch a Exp. i. 
manner as that it may be rung at pleafure ; and up- 
on drawing the air out of the receiver, the found of 
I the bell will grow lefs and lefs audible in propor- 
* tion to tlie degrees of exhauftion, ib as at lall al- 
moft to die away, and fcarcely to be heard at all i 
and upon re-admitting the air, the found will re- 
vive again, and increafe in proportion to the quan- 
I tity 01 air that is taken in. 

■t As this experiment proves the air to be neceflary 
I to the production of founds, fo the tremblings 

I which great guns, bells, drums, and many other 
founding bodies communicate, by means of thq 
interme- 
r ' ♦ 
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intermediate air, to fuch bodies as are near them, 
plainly Ihew, that founds depend on tremulous mo- 
tions of the air-, which therefore I (hall endeavour 
to explain to you, together with the caufeand man* 
nerot their production. When the partsof a bcil, 
a mufical ftring, or any other elafldck body are fct 
in motion by a ftroke, they vibrate, that is, they 
go forward and return backward alternately thro' 
very fhori fpaces -, in going forward they propel, 
and thereby comprefs and condenfe the air wMch 
lies next lliem ; and in returning backward, they 
fufTcr the comprened air to recede and expand ii- 
fclf , fo that the parts of the air which are contigu- 
ous to the trembling b.-jdy, go and return in the 
fame manner with the parts of the body ; and as 
they are endued with a repiilfive power, they muft 
by means thereof excite the fame vibrations in thofe 
parts which He next beyond them i and thefe ^ain 
muft in like manner agitate the parts beyond them, 
and fo on continually ; fo that by one fmgle vibra- 
tion of an claftick body, a motion is excited in the 
air, and propagated direftly forward, by which 
fome parts go forward, whilft others return back» 
and that alternately, as far as the motion reaches. 

That this motion may more readily be conceived, 
let ST reprcfenc an elaftick ftring, ftretched and 
'• made faft at both ends ; and by a force applied to 
the middle point H, let it be drawn into the pofi- 
tion SET ; upon the removal of the force which' 
infleifts it, it will by virtue of its clafticity return to 
its former pofition SHT -, and forafmuch as the 
feftitutive force afts conftantly upon it during the 
time of its motion from E to H, fts motion thro' 
that fpace muft be continually accelerated, and the 
velocity thereof muft be greateft at H. When the 
ftring has recovered the pofition SHT, it will not 
remain therein ; but by virtue of the velocity ac- 
quired in moving from E to H, it will be carried 
fonvard till it has moved thro' a fpace as I IK, equal 
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to EH, and then its motion forward will ceafe ; f or I- e c t. 
as it moves towards K, the elafliick force a6ts con- ^^ ^ , 
tinually upon it in drawing it back ; and by fo do- ^"^ 
ing, retards the motion from H to K, in the very 
fame manner that it accelerated the motion from E 
to H i confeqiiently, by the time tliat the firing lias 
moved from H to K, it will have loft all tliat velo- 
city which it acquired in moving from Eto Hi as 
foon as it ccafes to go forward, it will be brought 
back again from K to H by the force of elafticity, 
with an accelerated motion, in the very fame man- 
ner as it was at iiril from E to H ; and when it has 
arrived at H, it will by virtue of the acquired ve- 
locity go on ro E, with a retarded motion, in the 
fame manner as it did from H to K. The motion 
of the llring from E to K and back again, is called 
a vibration ; and it is evident from what has been 
faid, that fetting afide all excernai impediments, a 
ftring which has made one vibration, mufl; continue 
to vibrate for ever thro' the fame fpace ; but, where- 
as it meets with continual refiftance from the air, the 
fpace thro' which it vibrates muft on that account 
grow lefs and lefs continually, and at length vanifh ; 
and yet, notwithftanding this variation in the (pace, 
the times of the vibrations are all equal, as I 
Ihall deraonftrate before the ciofe of this lefture ; 
but I take notice of it in this place, becaufe one of 
the chief properties of the pulfes of the air, where- 
of I fhall have occafion to make mention prefently, 
has a necelTary dependance thereon. 

When the ftring is drawn into tlic pofuion SET, 
if we fuppofe A, B, C, and fo forcli, to be particles 
of air placed in a right line one beyond another, and 
that the diftance of the firft particle from the ftring 
at E, is equal to the interval of any two adjacent 
particles, as it muft needs be, on fuppofition that 
the particles of the air fly from other bodies witli 
the fame force that they repel one another; upon 
letting 
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Lf CT. letting the firing go, as it cannot move (ortnxi 
J^'n- without approaching lo the particle A, it muil in 

^*"^'~*^thc very next inftant after it begins its motion, pro- 
pel that particle ; which for the fame reafon, muft 
in the next inilant after it begins to move propd 
the particle B, and that muft in the iame manoCT 
propel C, and C propel D, and fo on ; fo that ih« 
ftring, and the fcvcral particles of air taken in 
tlicir order, will begin to move forward fucceffively 
one after another, at very fmall intervals of time. 
And whereas the ftring is accelerated in its modon 
from E to H, and retarded in us motion from H 
to K, the particle A mult likewife be accelerated 
in one half of its progrefs, and retarded iq the 
■ other; for fince A is equally diftant from the 
ftring, and from B, before the vibration com- 
mences, and fince it begins to move forward a little 
later thin the ftring ; it is evident, that upon the 
firft motion of the Itring, the diftance between that 
and A, muft become \cYs than the diltance between 
A and B ; and forallnuch as the increments of ve- 
locity which are continually generates in the ftring 
by the aftion of its elafticiiy, are not communicat- 
ed to the particle A, in the inftant of time wherein 
they are generated, but a little later ; it is mani- 
feft, that the ftring during its motion from E to 
H, muft continually be nearer to A than A is to 
B i and confequently, muft aft more forcibly in 
driving A forward, than B does in driving it back- 
ward, and by fo doing accelerate its motion. After 
the ftring has arrived at H the middle point of its 
progrefs, and ceafed to be accelerated, m the very 
next moment A likewife reaches the middle point 
of its progrefs, and ceafes to be accelerated, being 
driven as ftrongly backward by B, as it is forward 
by the ftring. But however, by virtue of the ac- 
quired motion it continues to go forward, but with 
a retarded motion ; and is at length ftopped by the 
repulfive 
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repulfive power of B ; in the fame manner tliat the L e c t. 
ftring in moving from H to K is retarded, and at ^^^\ 
laft ftopped by the aftion of its elaltick force, Af- '^~"~^ 
ter the ftring has reached K, the utmoft limit of its 
progrefs, in the very next moment does A iikewife 
I reach the utmoft limit of its progrefs, and then 
I turning back, purfucs the ftring, which had like- 
[ wife turned back the moment before. And as the 
I ftring is accelerated during its return from K toH, 
' and retarded from H to E -, fo the particle A, 
L during the firft half of its return, being nearer to 
, • B than it is to the ftring, muft be accelerated ; and 
during the latter half, being nearer to the ftring, 
is thereby retarded, and at length ftopped upon its; 

i' arrival at the place from whence it fet out, which 
happens immediately after the ftring has returned to 
E ; and there it continues at reft, unlefs by a fecond 
, vibration of the ftring it be again driven forward in 
[, the fame manner as before. As this particle is 
'. made to go and return thro' a very fttort fpace, bv 
I the impulfe of the ftring, lb likewiie are the feveral 
fucceeding particles, by the impulfes of the forego- 
I ing ; and as the ftring and the feveral particles taken 
i in their order, begin their motions forward, fuccef- 
! fively one after another at very fmall intervals of 
\, time, fo likewiie do they begin to return in their 
I order at the fame intervals of time -, whence' it fol- 
I lows, that fome of them muft go forward, at the 
i fame time that others return back. As the particles 
I which go forward begin their motions fucceflively 
. one after another, they muft neceflarily come nearer 
[ together-, that is, tliey muft be condenfcd. And it 
I muft be obferved, that the condcnfation goes for- 
ward continually ; for in the verj- next inftant after 
any particle as D, has made its neareft approach to 
E, E muft make its neareft approach to F ; and in 
the next inftant F muft make its neareft approach 
to G, and fo on continually j fo that the condcn- 
fation 



n 
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L E c T. ration mufl: pafs forwaid fucccffiveW in a F^;i^ 
, ^^' , manner thro* the fevcral particles or air. 
■~^'"'~' But that I may explain this vibratory motion rf 
the air more particularly, it mult be obferved, that 
as the lining during the firft half of its progrefs from 
E to H is continually accelerated, its diftance from 
the particle A, muft conftantly grow lefs ; and for- 
afmuch as during the latter halt" of its progrefc from 
H to K, it is continually retarded, and tSat in the 
fame uniform manner that it was accelerated from 
E to H, its diftance from A muft conftantly be in- 
iargcd, and that in the fame regular manner that 
it was diminilhed during the progrefs of the firing 
from E to H ; (o that by the time it has arrived at 
^H K, the utmoft limit of its progrefs, it is juft as far 
^^^b diftant from the particle A, as it was when it iirfi* 
^^^1 (et out. Upon t!ie return of the ftring, inafmocll 
^^^1 ' as it is continually accelerated from K to H; its 
^^^V ' dillance from the particle A muft ftitl be inlar^ged j 
^^^^ and forafmuch at it is retarded in its motion from 
^^^H H to E, in the very fame manner as it was accele- 
^^^^ raced from K to H, its distance from A mufl; con- 
^^^B ftantly grow Icfs in the fame regular manner that it 
^^^ was inlarged during its motion from K to H, fo 
n that upon its return to E, it is again juft as far dif- 

I tant from the particle A, as it was at its firft fee- 

I ting out. From what has been faid, it is evident^ 

I that the ftring during the time of its progreis is 

i always nearer to the particle A, than it was beford 

its motion began, and chat its leaft diftance from 
the particle is at H, the middle point -of its pro- 
grefs ; it is likewife manifeft, that during the timtf 
of its return, it is always more diftant from*the par-^ 
tide thun it was before its motion began ■, and that 
its greatcft diftance fron? the particle is at H, the 
middle point of its return. And what has beert 
thus Ihewn of the ftringwith refpeft to the particle 
A, is in like manner true of that particle with re- 

fpeft 
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' fpeft to the particle B, and of B i^ith refpeiH: to C, L e c t. 
and lb on of every particle, with refpeftto that whJcli ^p- ^ 
-iies immediately beyond it, as far as the motion 
reaches ; fo that each particle with regard to that 
which lies immediately beyond it, is in a ftate of 
condenfation during its progrefs, and of rarcfaftion 
during its return, its greatefl: condenfation being at 
the midil of its progrefs, and its greatefl: rarefac- 
tion at the midH: of its return. "What proportion 
thefc rarefactions and condenfations bear to the 
denfity of the air in its natural ftate, in every point 
of that fmall fpace thro' which a particle of air 
vibrates, fhalt be fiicwn in my next ledure, as alio 
the law of this vibratory motion. 

As the parts which go forward, do in their pro- 
jrefiive motion fh'ike fuch obftacles as they meet in 
iheir way, they are for that reafon called pu/fes -, and 
the fenfations which are excited in the mind by the 
ftrokes of thefe pujfes on the drum of the ear are 
called founds; fo that founds as confidered in their 
phyfical caufes, arc nothing elfe but the piilfe? of ■ 
the air. In order therefore to explain the nature of 
founds, I (hall lay before you the chief properties 
of thefe pulfes. 

The firlt of which is, that they are propagated 
■■from the trembling body all around in a fphsrical 
manner. For tho" the parts of the body, by whofe 
vibrations the pulfes are generated, do go and re^ 
(urn according to certain directions, yet forafmuch 
as every impre/Tion which is made on a fluid is pro-- 
pagated every way throughout the fluid, whatever 
be the direction wherein it is made, the pulfes muft 
ipread and dilate, fo as to form themfelves into 
concentrick fphterical furfaces, or rather thin fliells, 
'■whofe common center is the place of the founding 
body. And hence appears the reafon why one 
«ind the fame found may be heard by feveral per- 
fbns, tho' differently fituated with refpeft to the 
founding body. 

S A fecond 



264 Of SOUNDS. 

L E c T. A feconcl property of the pulfes is, that they 
XVII. grow left and Icfs denfe as they recede* from the 
founding body, and that in the fame propordon 
with the fquares of their diflances from the body. 
For whatever be the force wherewith the (bunding 
body a6ls on the Hrll fphaerical fhell of air, with the 
very fame force does that fhell aft upon the fecond, 
and that again upon the third, and fo on continu- 
ally ; fo that the force which condenies the air in 
the feveral iTiells is given •, confequently, the con- 
denfations which it produces in thofe ihells muft be 
invcrfly as the refiftances it meets with ; but the re- 
finances are as the ihells ; and therefore, fince thofe 
increafe continually in the fame proportion with the 
fquares of their diftances from the center, their 
denfities muft decrcafe in the fame manner. 

By reafon of this diminution in the denfities of 
the pulfes, thofe which are farther removed from 
the founding body, make (lighter imprei&ons on 
the drum ot the ear, than thofe which arc lefe dif- 
tant ; and hence it is, that founds grow lefs and 
lefs audible, the farther they go from the founding 
body -, and at certain diftances become lb weak as 
not to be heard at all. 

A third property of the pulfes is, that all of them, 
whether denfer or rarer, move equally fwift, lb as 
to be carried thro' equal fpaces in equal times, as I 
Ihall demonftrate in my next lecture. 

From this property it follows, that all founds, 
whether they be loud or low, grave or acute, move 
equally fwift, the fofteft whifper making equal fpee^ 
with the noife of a cannon, or the loudeft thunder- 
clap •, and it has been found by experiment, and I 
fhall likewife demonftrate in my next lefture, that 
founds move at the rate of 1 1 42 feet in a fecond of 
time or thereabouts ; for the velocity is not pre- 
cifely the fame in all feafons of the year, but is 
fomewhat greater in fummer than in winter^ on ac- 
count of the heat which renders the air more elaf- 

tick 
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;k in proportion to its denfity, than it is in the L e c t. 
lid winter feafon. '^^Zil; 

A f'ourrh pfoperty of the pulfes is, that al! rhofe^ 
hich are excited by the vibrations of one and the 
ime body, are at equal diftances from one another, 
'or fince each puUe is excited by one fmgle vi- 
iration of the founding body, and fince all the 
luMes move with equal and uniform velocities, it is 
janifell, that they miift fucceed one another at 
liftances proportional to the times of the vibrations -, 
put the times of the vibrations of one and the fame 
body are all equal ; confequently, the intervals of 
the pulfes are lb too. And it muft be obferved, 
that the interval between two pulfes, which is by 
,fome called the length, and by others the breadth of 
pu|fe, is that fpace thro' which the morion of the 
r is carried, during the time wherein any one 
"particle performs its vibratory motion in going 
forward and renirnmg back. 

On the intervals of the pulfes depend the tones 
of founds ; and here I muit obferve to you, that all 
the variety there is in founds, refpefts either their 
firength or tht-ir /we ; with regard to their ftrcngth, 
they are diftinguifhed into loud and low ; and with 
refpeft to their tone, into grave and amte^ other- 
wife called fiat and Jharp. The ftrength of any 
found depends on the magnitude of the ftroke, 
which is made by a pulfe on the drum of the ear -, 
the greater the rtroke is, the louder is the found 
■ IFhich it excites, and the weaker the ftroke, the 
; lower the found -, and whereas all the pulfes move 
with equal velocities, the magnitude of the ilrroke, 
and confequently the ftrength of the found, muft 
'be as the quantity of matter in the pulfc ; that is, 
as a reftangle under the denfity and breadth of the 
pulfe 1 and fuppofing the breadth of the pulfe to 
be given, it muft be as the denfity. 

The tone of a found depends on the duration of 
La ftroke ; the longer a ftroke is whicli a pulfe makes 
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L » c T. on the drum of the car, the more grave is the 
^^'}- Li found which it produces -, and the fltoner the ftrake, . 
"^ the more acute is the found ; but finceall thepulfc* 
move equally fwift, the duration of a ftroke rouft 
be proportional to the interval between two fuccet^ 
five pulfes ; and of confojuence, a (bund is morcor 
Icfs grave or acute in proportion to the length of 
that interval. Hence it follows, that all the founds 
from the loudeft to the loweft, which are excited bf 
the vibrations of one and the fame body, are of one 
tone. It likewife follows, that all thofe Ibundii^ 
bodies, whofe parts perform their vibrations in equal 
times, have the fame tone ; as alfo, that thofc bo* 
dies which vibrate fioweft, have the gravcft or 
deepeft tone -, and on the contrary, thofe which vi- 
brate quickeft have the (harpeft or fhrilleft tone. 

As there may be an infinite variety in the time* 
wherein founding bodies perform their vibrations, 
fo may there likewife be in the tones of the fbimd) 
which depend thereon ; and yet amidft this great 
variety, muficians acknowledge but feven principal 
notes in an o^ave -, for tho' the eighth be requifite 
to compltat the feven intervals in an oftave, yet, 
are there in truth but feven notes ; for that which is 
called the eighth, becomes the bale or ground noa 
in the next o<5tave afcending ; and as it Itands in 
the limits of the two oftaves, it is called the eighth 
■witJi refpecl: to the bafe note below it, and the 
ground or bale note with refpeft to the 1 5ih which 
is above it ; which 15th is likewife the bafe in the 
next afcending odave ; for by a repetition of notes, 
wherein the proportions of the times of the notes in 
the firft oftave are preferved, the oiftaves may 
continued on both ways, afcending and defcending^r 
and that in infinitum 1 and yet, notwitliftanding thr 
infinite progreffion in the oftaves, the niunber o 
harmonick founds is limited. Mr. Sauveur is c 
opinion, dial all the harmonick founds, that is, fuel 
founds as can be heard diftindly and with pleafurc 

ani 
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nd in whofe tones a difference can be clearly per- i. e c t. 
eived by the ear, lie within the compafs often oc- ^^^*- 
aves ; as alfo, that all founds whatever, from the '~"''~~' 
^Bweft harmonick found, to the higheft that the hu- 
pnan ear can well bear, are contained within the li- 
ttiits of two oftaves more. And if this be the cafe, 
follows, that that body which gives the Ihrillelt 
found that the ear can bear, makes 4096 vibrations 
n the fame time that one vibration is. performed 
ay that body which gives the gravefl harmonick 
bund; for fmce in every oiftave, the time of the 
eighth is -J of the time of the bafe note, if 4 be raifcd 
tp to the 1 2th power, it will exhibit the time of the 
Srilleft found, that of the gravefl: being unity ; but 
ihc 1 2th power of ^ is the 4069 part of an unite j 
confequentty, the time of the fhrillcft found that 
the car can well bear, and likewife of the vibration 
irhich produces it, is to the time of the gravefl: har- 
monick found, and of the vibration whereby it is 
jFoduced, as i to 4096 ; but the times of the vi- 
irations of two bodies are inverfly, as the numbers 
of vibrations which they perform in a given time ; 
Confequently, the body which gives the ftirilleft 
found performs 4096 vibrations in the fame time 
that the body which gives the graveft harmonick 
found performs one ; and forafmuch as Mr. Sau- 
rzuR has found by fome experiments which he 
inade on organ pipes, of which I lliall give you an 
account in my next lecture, that a body which 
gives the graveft harmonick found, vibi-ates twelve 
rimes and an half in a fecond, the flirilleft found- 
ing body muft perform 51 100 vibrations in the fame 
Eime ; which argues great fwiftnefs in the vibrating 
parts ; and yet, great as it is, it has nothing extra- 
N'dinary or furprifmg in it, if compared with the 
relocity of fome other motions 1 for if we fuppofe 
the parts in each vibration to run thro' a fpace equal 
HO the loth part of an inch, tho' it is highly pro- 
t>able, that the lengths they run are much fhortcr j 
S3 iind 
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L E c T. and if we fuppofe them to move with the fame vek^ 
^^'^^' city during the whole time of their motion ; it fol- 
lows, that they arc carried at the rate of 425 feet and 
I o inches in ai'econd •, confequently, they do not move 
with much more than two third parts of the velodcy 
wherewith a ball flies from the mouth of a cannon. 

The fifth and lait property of the pulfes is, tfiat 
they may be propagated together in great numbers 
from different bodies, without difturbance or con- 
fufion ; as is evident from conforts, wherein the 
founds of the feveral inflruments are conveyed dif- 
tinflly to the ears of the audience -, as they move 
along, fome of them coincide and fhike the drum 
of the ear at one and the fame time, and thereby 
excite a fmooth regular motion, that is pleafing 
and agreeable ; whilft others which do not mix 
and unite, at lead not frequently, ftrike the ear at 
different inftants of time, and thereby difturb each 
other's motion, fo as to render them harfh, grat- 
ing, and offenfive. And hereon depends alnnoft 
the whole of concords and difcords in mufick ; 
fuch founds, generally fpeaking, being deemed 
concords, as are excited by pulles which have fre- 
quent coincidences •, and on the other hand, fuch 
founds being called difcords^ as arife from pulfes 
which coincide but rarely. 

The frequency or infrequency of the coincidences, 
depends on the proportions which the intervals of 
the pulfes bear one to another -, as I ihall fhew you 
in relation to the feveral notes in anoftave •, in do- 
ing of which, inftead of the pulfes and their inter- 
vals, I Ihall confider the vibrations of the bodies 
which excite the pulfes, and the times of thofe vi- 
brations \ becaufe the number of pulfes is always 
equal to the number of vibrations in. the founding 
bodies, and the intervals of the pulfes proportional 
to the times of the vibrations. 

If two vibrating bodies begin their motions to* 
gcther, and vibrate in equal tjmes^ it is ma.nifeft 
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that their vibrations muft keep pace together, and ^ ^ 

conftantly coinride. But it" the vibrations be per-, 
formed in unequal times, it is plain, that they can- 
not conftancly Iceep pace together ; for which realbn 
fome of rhem only will coincide ; and which thofe 
may be determined from the times of the vibra- 
tions; for fin ce tlie numbers of vibrations, which 
are performed in a given time, are inverlly as the 
times of the vibrations, if the numbers which ex- 
preis the times of the vibrations of two bodies be 
taken reciprocally, they will exhibit the coincident 
vibrations of the refpetflive bodies. For inftance, if 
the rime of the vibrations of one body, be to the 
time of the vibrations of another, as 8 to 9, which 
is the cafe of two bodies, whereof one founds a ie- 
cond or tone major to the other, every ninth vibra- 
tion of the former coincides with every eighth of 
the latter. So again, if the times of the vibrations 
be to one another, as 5 to 6, which is the cafe, 
where one body founds a lefTer third to the other, 
every fixth vibration of the former falls in with 
every fifth of the latter. 

In this fclieme, J have -J- Eight. 
fet down thofe fractional 4t Greater feventb. 
numbers which exprefs 4 ■^-'^'* feventb. 
the proportions that the ^ Greater fixth. 
times of tlie vibrations of 4 L^jjer fixth. 



T Fifth. 

^ Fourth. 

Greater third. 

Leffer third. 
■J- Second or tone majcr, 

Bafe note. 



thofe bodies, which found 
the fevcral notes in an 
oftave, bear to the time 
of the vibration of that 
body which founds the 
bafe note -, by the help of 
■which numbers the co- 
incident vibrations may be readily difcovered. For 
in each fraftion, the denominator exhibits the coin- 
ciding vibration of that body which founds the 
note, and the numerator the coinciding vibration 
of the body which founds the bafe note. 

S 4 Having 
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L K c T. Having thus explained the nature and propcrtiei 
> _ _ ' . of found, I come now to give you an account of 
" the VIBRATIONS of MusiCAL Strivcs, and to 
fhcw you in what proportions the times of the vi- 
brations are varied, by varying the length, thick- 
neJs, or tcnfion of the ftrings ; and in order there- 
to, I ihall lay down the following Propositios. 

pi. 7. Let an elajikk firing as AB, fajiened at A, and 

F'B- ^i- pajjing ever a fmall pin er pulley at B, befiretcbtd^ 
an appending "weight as P, (whicb I Jhall call the tenh 
ing force) ; and by a force applied at tbe middle paint 
C, (tvhicb I Jball m// ;^'e inflefting force), let it be 
dra-wji into the pofition ADB -, if the diftance between 
C and D he exceedingly fmall in proportion to tbe length 
ef the firing, er, to fpeak in the mathematical fbrafet 
tf CD be a nafcent quantity, the infleSling force -wiS 
be meafiired iff a reifangle under tbe fpace CD, and 
tbe tending force applied to tbe length of tbe firing. 
For fince the tending force afts upon the ftring in 
the direction DB, it may be denoted by that line,- 
and being fo denoted, it may be rcfolved into twa 
forces, whereof one afts in pulling the ftring hori- 
zontally in the direclion CB, and is therefore to be 
cxprefled by CB ; whilft the other afts in drawing 
the ftring perpendicularly upward from D towards 
C, and is therefore to be exprcfled by the line DC i 
lb that that portion of the tending force which afts 
in moving the ftripg upward, is to the whole force, 
as DC to DB 1 or, becaufe D and C are fuppofed 
to be indefinitely near, as DC to CB ; but the 
force whicli afts in drawing the ftring upward, is 
equal to the inflefting force, becaufe they balance 
each other ; conleqiiently, the inflefting force is to 
|he tending force, as CD to CB ■, and turning this 
analogy into an equation, by multiplying the ex- 
treams and means, and then dividing by CB, we 
(hall have the inflefling force equal to a rcftangle 
under the tending fofce, and the line CD, applied 

to. 
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to half the length of the firing ; and therefore, L i c t, 
forafmuch as whole quantities are in proportion as XVII- ^ 
their halves, the infleiling force will be as a reftangle ' 
under the tending force and the line CD, applied to 
the length of tlie ftring -, lb that putting F for the 
inflefting force, P for the tending force, S for the 
line CD, and L for the length of the ftring, F is as 

•j-. Hence it follows, that if P and L, that is, if 

the tending force and length of the ftring be given, 
the infleifling force is as the line C D, as will appear 
from the following experiment. 

Let a fmall brafs wire three feet long, fj.{\.ened Exp. z. 
at one end, and pafling over a pin fo as that when 
ftretched it may be in an horizontal pofirion, be 
tended by a weiglit of three pounds ; and let half 
an ounce, and an ounce, be appended fucceflivcly 
10 the middle of the wire •, in the former calc, the 
point of fufpenfion will be drawn down -nrth parts 
• of an inch, and in the latter -i^. 

Since the force which inflefts a ftring of a given 
length, and tended by a given force, is as the fpace 
CD, thro' which the ftring is benti the force where- 
"with the ftring reftores itfelf, muft likewife be as 
C D, becaufe the reftitutive force is in all cafes equal 
tothe inflefting force; confequently, the point D 
is carried towards C, by a force that varies with 
the diftance -, and therefore, whatever be the dif- 
tance at which it begins its motion, the time where^ 
in it arrives at C will ftill be the fame ; as I proved 
in my lefture on the pendulum. Whence it fol- 
lows, that the vibrations of one and the fame ftring, 
whether they be tlirough larger or fmaller fpaccs, 
are all performed in equal times. 

If L and S be given, F is as P ; that is, if the 
length of the ftring, and the fpace thro' which it is 
bent be given, the inflefting force is as the tending 
fcrcc i or, in otlier words, one and the fame ftring, 

being- 
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L B c T. being tended by different forces will upon the in- 
XVU. flexion be drawn down equal fpaces by infleAing 
•~ forces, which are to one another in the fame pro- 
portion with the tending forces. 
Exp. 3. Let the fame wire as before be tended by a 
weight of fix pounds, and it will require one ounce 
to draw it down V^ths of an inch, and two ounces 
to draw it down -iVths •, whereas, when it was 
tended by a weight of three pounds only, it was 
drawn down the fame fpaces by half an ounce, and 
an ounce. 

If P and S be given, F is as •=- ; that is if the 

force which tends the firing, and the fpace thro' 
which it is bent be given, the inflefting force is in- 
verfly as the length of the Itring-, or, in other 
words, if firings of different lengths be tended by 
equal forces, they will be drawn thro' equal fpaces 
by inflefting forces, which are to one another in- 
verfly as the lengths of the firings. 
Exp. 4. Let a fmall brafs wire a foot and an half long, 
be tended by a weight of three pounds, and it will 
require an ounce to bend it down T^e^ths of an inch, 
whereas half an ounce was fufficient to give the 
fame bent to the wire which was of a double length, 
and under the fame tenfion. 

* 

^he time of a vibration of an elajiick firing is mea- 
fured by a re5langle^ under the length and diameter of 
the firings applied to the fquare root of the tending 
force. For if, as in the cafe of gravity, we fup- 
pofe the force wherewith the infiefted firing reflores 
itfelf to aft uniformly, as we fafely may, becaufc 
the fpace thro' which it afts is exceedingly fmall ; 
then the motion generated will be as a reftangle 
under the force and the time of its afting ; fo that 
putting M for the motion, F for the reflitutivc 
force, and T for the time of its afting, M is as 

FTi 



[ 
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FT -, but the motion is as the quantity of matter 1 
moved into the velocity wherewidi it moves ; and 
this cafe, the quantity of matter is as a produft 
under the length of the ftring, and the fquare of 
its diameter -, wherefore, putting D, L, and V, to 
denote the diameter, length, and velocity, FT is 
as D'LV ; and dividing both fides by F, T is as 

— yT- ; but die reftitutive force of the ftring be- 
ing equal to the force which inflefts it, and that 
having been proved to be as -r-, wherein S denotes 

the fpacc thro' which the ftring is bent, P the tend- 
ing force, and L tTie length of the ftring; if in- 
SP D^L^V 

ilead of F we fubftitute-jj, T will be as p ; 

but the velocitj' applied to the fpace is inverfly as 

the time, that is, ■=■ is as ^ i and therefore, in- 

ftead of that, fubftituting this, and multiplying 

both fides by T, we Ihall have T', as —5— j 

DL 

and therefore extrafting the root, T is as — r ; 

P^ 
•that is, the time of a vibration, is as a reftanglc 
under the diameter and length of the ftring, applied 
to the fquare root of the tending force. 

Hence it follows, that if D and P be given, T is 
as L ; that is, if the diameter of the ftring and 
the tending force be given, the time of the vibra- 
tions varies with the length of the ftring •, as is ma- 
nifeft from tlie divifion of the nienochord, wherein 
the parts of the chord which found the fevcral notes 
in an octave, have the fame proportions to tlie whole 

I chord, that the times of the refpeftive notes have Exp. 
to the time of the bafe note; as for inftance, one" 
half of the chord founds an oftave to the whole, 

I whofetime is one half of the time of tlic bale note ; 

k and 
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leer, and 4- of the chord found a fifth, the time whereof" 

J^'^ is 4- of the bafe time of the note, and lb of all tte 
'reft. 

If P and L be given, then T is as D ; that is, 
if the tending force and length of the fVring be 

T.xf. 6. given, the time of the vibration is as the diameter 
of the ftring ; as will appear, if two wires of cqud 
lengths be tended by equal weights, the diameter 
of one being die 90th pare of an inch, and thit 
of the other the 45th part -, for the former will 
found an odave to the latter. 

If D and L be given, then T is inverfly as the 
Square root of P ; that is, if the diameter and 
length of the ftring be given, the time of the vibration 
is inverfly as the fquare root of the tending force ; as 

^P- 7- will appear, if eleven wires equal as to length and 
thicknefs, be tended by weights, whofe fquare roots 
are to one another inverfly as the times ot the notes 
in an oflave ; for the wires fo tended will found the 
refpeftive notes. 



Greater feventb 

Leffer fevettth • " ■ 
Greater ftxib ■ — — 

Lejferjixtb • 

Fifth 

Fourth 

Greater third — 

Lejfer third — 

iTone major, or fecond — 
Bafe note 



■ 240 

194I 
1664 
153t 
^35 
1064 
93t 
864 
75 H 
6a 



In the left hand column of this table, the 
numbers exprefs the times of the feveral notes ; and 
the numbers in the right hand column, exprefs the 
weights in ounces, whereby the wires which found 
tlie refpeftive notes are tended ; tlie ft^uare roots of 
which 



\t 



■A. 



1- 



N 



•4 



1 

I 

I 

I 

f 
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■rhich weights, are to one another inverfly as the 
.imcs of the refpeftive notes -, as for inftance, the 
weight which tends the ftring thatfounds the o<flave, 
. is to the weight whereby the ftring that founds the 
bale note is tended, as 4 to i, whofe fquare roots 
are as 2 to i, that is, inverily as the time of the 
oftave, to the time of the bafe note; and lb of all 
the reft. 



LECTURE XVIIL 
Or THE Motion of Sound. 



XVllI. 



IN my laft lefture, wherein I treated of that mo- 
tion of the air, which is produftive of founds, I 
(hewed you, that each particle of air in going for- """^ 
ward and returning back, is twice accelerated, and 
as often retarded ; but I did not then enquire into 
) the law of that acceleration and retardation. I like- 
'wife told you, that all the pulfes of the air move 
equally fwift, the demonitration of which, I pro- 
mifed to give you in this leJlure. 

Now Sir Isaac Newton, having in a mod 
elegant manner, in the 47th PropcJiHon of the Se- 
cond Book of his Principles, demonftrated that each 
particle of air, during its vibratory motion, is ac- 
celerated and retarded, in the very fame manner as 
a pendulum vibrating in a cycloid -, and having like- 
wife, in the 4gth and 50th Propofitions of the fame 
book, determined the velocity of found, I Ihall in 
this lefture lay before you what he has faid, in re- 
lation both to the one and the other, in the cleareft 
light that I am able. 

As to the firft, let the line AB denote the length P'- S. 
of a pulfe ; or that Ipace thro' which the motion of '2' ^* 
I the air is propagated, during the time that a par- 
L tiele performs its vibration, by going forward and 
[ returning 
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L E c T. returning back ; and let E, F and G, be three par- 
, XV ^^- tides, or phyfical points of air fituaced in the right 
^ line at equal diftances, and at reft ; and let EQj 
FR, and GT, be three equal, but exceedingly fliort 
Ipaces, thro* which thcle particles go and return in 
their vibrations ; which fpaces tho' they be here 
taken of fome length, to avoid confufion in the 
Icheme, arc in reality fo exceedingly fmall, as to 
bear no proportion to AB, the length of a pulfe. 
Let X, y, and z denote any intermediate points, 
in which the particles are found during their motion 
forward or backward. Let EF, and FG be fmall 
phyfical lines, or little portions of air, fituated in 
ftrait lines between thofe phyfical points; which 
PI. 8. lines are fucceffively moved into the places xy, ya, 
Jfg- 2- and QR, RT. Let the right line PS, be drawn 
'^* ^' equal to EQ, and on that line as a diameter, let 
the circle SIri be dcfcribed ; and let the circumfe- 
rence of tliat circle denote the time of the vibration 
of a particle, and the parts of the circumference, 
tlie proportional parts of the time ; fo as that after 
any time as PH, or PHSh, if right lines as HL 
and hi be drawn from the points H and h perpen- 
dicular to SP, and Ex be taken equal to PL, or 
PI. 8. PI, the particle E may be found at x. By this 
^^S' 1- means the particle or phyfical point E, in moving 
forward thro' x to Qj and thence back again thro* 
X to E, will be accelerated and retarded, in the 
fame manner with a pendulum vibrating in a cy- 
cloid -, inafmuch as in my lefture on the pendulum, 
I fhewed you, that the fpaces defcribed by fuch a 
pendulum, and the times of defcribing thofe fpaces, 
are (as we have now fuppofed them to be in the 
cafe of the air's motion) as the verfed fines and 
arches of a circle, whofe diameter is equal in length 
to the whole cycloid. 

Now, in order to prove that the feveral little por- 
tions of air are agitated in the foremen tioned manner 

by 
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ifcy their elafticity, which in this cafe is the true L e c t. 

iinoving caufe, let us fuppofe them to be fo moved ^^'l- 
by fome caufe or other, be that caufe what it will j ' 

.and their elafticity will be found to be fuch in eve- 
ry point of tht'ir progrefs and return, as muft of 
neceffity produce in them the fame degrees of ac- 
celeration and retardation, that gravity does in a 
pendulum vibrating in a cycloid. 

In the circumference of the circle, let the equal 
arches HI and IK, or hi and ik, be taken, bear- 
ing the fame proportion to the whole circumference, pi. s. 
that the little right lines EF and FG do to AB the Fig- 1- 
Icngth of a pulfe ; and drawing the lines IM and ^'S- ^• 
KN, or im and kn perpendicular to PS, inafmuch 
as the points or particles E, F and G, are moved 
in the lame manner fuccefTively one after another, 
the motion beginning with E, and each of them 
performs its incire vibration, in going forward and 
returning back, in the fame time that the motion 
is propagated thro' a fpace equal to AB, the length 
of a pulfc i if PH or PHSh denotes the time from 
I the beginning of E's motion, PI, or PHSi, will 
denote the time from the beginning of F's motion ; 
and in line manner PK, or PHSk, will denote 
the time from the beginning of G's motion. ■ And 
if the points F, F and G be found at x, y and z; 
the lines Ex, Fy, and Gz, in the firft figure, will 
be refpeftively equal in the fecond, to PL, PM, 
and PN, in the progrefs of the points ; and in 
their return, equal to PI, Pm, Pn, thofe being the 
verfed fmes of the arches which denote the times. 
Whence it follows, that xz, which is equal to the pj^ 
difference between Ex, and the fum of EG and Gz, " 
is in the progrefs of the points, equal to EG^ — 
LN, and to EG -|- In in the return ; but xz is as 
the txpanfion of the little portion of air EG, when' 
it is in thephicexz; confequently, that expanfion 
is to the mean ordinary expanfion, or that expan- 
4 fion 
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• fion which it has when at reft before it is put idfff 
its vibratory motion, as EG — LN, to EG, when 
that portion of air in going forward is found in 
the place xz -, arKl it is as EG + In ; or, becaufe 
LN and In are equal, as EG + LN, to EG, when 
the portion of air in returning back, is found in 
the fame place. Let now ID be drawn from the 

■ point I, perpendicular to HL, and the nafcent tri- 
angle HID, will be fimilar to the triangle DIM, 
becaufe the angles at D and M are right onen, and 
the angles at I are equal, as being each of than the 
complement of one and the fame angle DIO, to i 
right one •. confequently, DI, or its equal LM, is 
to HI, as IM to the radtus OI, equal to OP ; and 
double LM equal to LN, is to double HI equal to 
HK, as IM to OP -, and by the conftruftion, HK 
is to EG, as the circumference of the circle to AB ; 
or putting R for the radius of a circle, whofe cir- 
cumference is equal to AB, as OP to R ; whence 
reducing thefc two analogies into equations, we fiiall 

LN IM . HK OP , ^ 

have -j^ = --., and -g^ zz ^p; wherefore, 

multiplying thefe equations together, we fhall have 

LN Iivf ..,.,. . 

^TT = — g- i and refolvmg this into an analc^^ 

we Ihall have LN : EG : : IM : R ; and of 
courfe, by fubftituting IM and R, in the places of 
LN and EG, the ^panfion of the fmalif portion 
of air EG, or of the phyfical point F, when in the 
place xz or y, is to its mean ordinary expanfion, ' 
as R — IM to R, in its going forward, and at 
R + im to R, in its returning ; and forafmuch as 
its elafticity is inverfly as its expanfion, its claf- 
ticity, when at the point y, is to its ordinary 

elafticity, as ' „ .^. to tt in its progrcfs, and in 

its regrets in the fame point, as i,,. ' '^o -r- 1 

and 
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hd by the fame way of arguing, the elaftick forces L 



of the phyfical points E and G, when in going for- 
ward they are found at x and z, will be to their or- 

dinaryelafticity,as^-igj-, and -^-^ to -^- ; 

and by fubdufting the latter of thefe quantities from 
the former, rhe difference of thofe forces will be as 

HL — KN I 

R>_R + HL — R + KN+HLxKN ^° H ' °''' 
rejefting a!l the terms of the divilbr except the firft, 
as being indeHnitely fmall with relpeft to that, as 

HL — KN I , • , ■ u u rj . 

^ — - to ^ ; or, multiplying both fides by 

R', as HL — KN toR; but forafmuch as R is a 

K;iven quantity, HL — KN is as unity ; conftquent- 
'y, the difference of the forces is as HL — KN. But 
rom the fimilarity of triangles, HL — KN is to 
-HK, as OM to 01 or OP ; confequently, fince 
■HK and OP are given, HL—KN is as OM ; or 
•becaufe SP and F.Q^are equal, if EQ^be bifefted 
yin C, as cy. And by the fame way of rcafoning, the 
difference of the elaftick forces of the fame points, 
when in their return they are found at x and z, is 
as the fame cy -, but that difference, or the excefs 
"of the elaftick force of the point x above the elaf- 
tick force of the point z, is the force by which the 
little line or portion of air xz, which lies between 
thofe points is accelerated in its progrefs ; -and on 
the other hand, the excefs of the elaftick force of 
the point z above that of the point x, is the force 
by which the fame little line or portion of air Is ac- 
telerated in its return ; fo that the force by which 
that little portion is accelerated, is every where as its 
diftance from C, the middle point of its vibration j 
confequently, during its vibratory motion, it mufl 
be accelerated and retarded in the fame manner with 
pendulum vibrating in a cycloid-, inafmuch as I 
proved m my lefture on the pendulum, diat the 
T force 



XVIII. 
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L E c T. force whicli agitates the pendulum in the foremen- 
XVill. iioncd manner, is every where as its diftance from 
^■"'■^ ~ the middle or lowefl. point of the vibration. And 
what has been thus proved of the little portion EG^ 
is in like manner dcmonftrable of every other litde 
portion of air, thro' which the motion is propa< 
gated. 

As to the velocity of found, or what amounts 
the fame thing, of the pulfes of the air, if a pendulum 
be made equal in length to die height of an homo- 
geneal atmofphere, whofe weight is equal to thac 
of our aimolphere, and its denfity the fame widi 
that of the air at the furface of the earth ; which 
height is, as I fhewed you in a former letflure, equil 
to 29725 feet, and which I fliall now denote 1^ 
the letter H ; in the fame time that fuch a pendi>- 
lum performs an intire vibration by going forward 
and returning back, a pulfe of the air will move 
thro' a rpace equal to the circumference of a circle 
PI. a. dcfcribed with the radliii H. For if the little por- 
t'ig- 1- tion of air EG, vibrating thro' a fmall fpace as 
PS, be afted.upon at P and S, the extremities of 
the fpace thro' which it vibrates by an elaftick force 
equal to its gravity, it will perform its vibratioM 
in the fame time that it wotild in a cycloid whofe 
length is equal to PS ; becaufe equal forces muftof 
nccefiity move equal botlies thro' equal fpaces in e- 
qual times. Since then, the times of vibrations arc 
in the fubduplicate rans of the lengths of the pen- 
dulums, and the length of any pendulum is equal 10 
half of the cycloid, wherein it vibrates ; the time in 
which the fmall portion of air would vibrate by the 
force of its gravity in a cycloid equal in length to 
PS, mull: be to the time of the vibration of a pen- 
dulum whofe length is H, in the fubduplicate ra/wrf 
PO to H. But the elaftick force which a6ts upon 
the little portion of air in the extream pointe P and 
S, was proved to be to its wliolc or grdinarjfeiaftick 
5 - forcti 
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force, as HL — KN to R ; that is, in the cafe be- I. e c t. 
fore us, where the point K coincides with P, as "^^U''. 
UK to R ; for upon the coincidence of K and P, '""^''^^ 
KN vaniflies, and HL, which in this cafe is their 
difference, becomes the fine of HK, and equal to 
it, inafmuch as HK is a nafcent arch. And the 
whole elaftick force of that Uttle portion of air, or, 
which is the fame thing, the weight which com- 
prefles it, is.to its own weight, as the height of the 
homogeneal atmofphere or H, to the fmall line 
KG ; whence putting e to denote the elaftick force, 
which agitates the fmall portion of air in the extream 
points of its vibration P and S, and w for its weight, 
\V for the whole elaftick force, or the weight 
of the compreffing atmofphere, and reducing the 
two laft analogies into equations, we fhall have 

■r- = W ' ^"^ V = EG ' ^'"^"^^ multiplymg 
the two middle terms together, and likewife the 
extreams, we fliall have — z: ,.., ■ ; and by 

Aibftituting PO and R for HK and EG, to which 
they are proportional, — is equal to — tti — ■ 1 that 

is, by refolving this equation into an analogy, the 
elaftick force which agitates the little portion of air 
in the extream points of the fpace thro' which it 
vibrates, is to its weight, as PO X H to R* i fmcc 
then, from the nature of motion, the times where- 
in equal bodies are moved thro' equal fpaces, are 
itciprocaliy in the fiibduplicaterrt/jiS of the moving 
forces, it follows, that the time wherein the little 
portion of air perfornis its vibration by virtue of 
the elaftick force denoted by e, is to the time 
■wherein it can vibi'ate thro' an equal fpace by the 
force of its gravity, in the fubduplicate ralio of R' 
to PO X H, and of courlc, to the time of the vi- 
bration of a pendulum whole length is H, in a ratio 
T 2 com- 
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L E c T. compounded of the laft mentioned ratio, and of diC 
^^YJ]J;_, fubdiiplicate ratio of PO to H -, that is, as R» x PO 
toH'xPO; that is, bydividingby PO, andextraft- 
ing the fquare roots in the fimple ratio of R to H. 
But in the time that the little portion of air per- 
forms one vibration by going forward and return- 
ing back, the pulfe is carried thro' a fpace equal to 
AB ; confequently, the time in which a pulfe moves 
from A to B, is to the lime in which a pendulum 
whofe length is H, fwings forward and backward, 
as R to H, or as BC, the circumference of a cir- 
cle whofe radius is R, to the circumference of a 
circle whofe radius is H -, but the time of the pulfe's 
motion from A to B, is to the time in which it 
moves thro' a fpace equal to the circumference t^ 
a circle whofe radius is H, in the fame proportion; 
wherefore, in the fame time that a pendulum whofe 
length is H, fwings forward and backward, a pulfc 
will move thro' a fpace equal to the circumference 
of a circle whofe radius is H, which was the thing 
to be proved. 

As a Corollary it follows, that the pulfes move 
with fuch a velocity as a heavy body acquires ia 
falling down half the height denoted by H ; for in 
the fame time with the fall they will, with a velo- 
city equal to that acquired by the fall, defcribc z 
fpace double that of the fall, that is, a fpace equal 
■ to H 1 and of confequence, in the time that the 
pendulum vibrates forward and backward, they 
will run thro' a fpace equal to the circtimference or 
a circle whofe radius is H. For, in my lecture on 
the pendulum, I Ihewed you, that the time of the 
fall thro' halt the length of the pendulum, is to.the 
time of one vibration, as the diameter of a circle 
10 its circumference ; and of courfe, to the time of 
a double vibration, as the radius to the circumfe^ 
rence. Since then it has been proved, that tho 
pulfes move with fuch a velocity as carries thetij 
thro' a fpace equal to the circumference of a circle 

whofe 
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vhofe radius is H, in the fame time that a pendii- L e c r. 
iim whofe length is H, performs a double fwing; ^^^j^ 
,nd fmce it appears that the velocity acquired by a ^""^'"^ 
leavy body in falling down half the height H, 
■will carry the pulfes thro' the fame fpace in the fame 
dme, it is manifeft, that they move with that velo- 
Hty. 

As a fecond Corollary it follows, that the velocity 
iof the pulfes is in a ratio compounded of the fiibdu- 
ylicate ratio of the air's elafticity direftly, and of 
the fubduplicate ratio of its denfity inverfly ; 
for fince the velocity wherewith they move, is fiich 
las a body acquires in falling down half the height 
iH, and fmce the velocities acquired by falling bo- 
■dics, are in the fubduplicate ratios of the heights 
from which they fall, it is manifeft, that the velo- 
city of the pulfes is as the fquare root of H, but 
"the height H, is direftly as the air's elafticity, and 
■inver/ly as its denfity ; confequently, the velocity 
of the pnlfes is in the fubduplicate ra/zo of the air's 
elafticity direftly, and the fubduplicate ratio of its 
denfity inverfly. Whence it appears, that the ve- 
locity of the pLilfes is given, forafmuch as, ceteris 
paribus., the elafticity is as the denfity. In the winter 
time indeed, the motion of the pulfes is fomewhat 
flower than in [ummer, becaufe the coldnefs of that 
ieafon does In feme meafure weaken the elafticity, 
and at the fame time increafe the denfity. From 
what has been laid, the fpace thro' which found 
moves in any given time, may readily be determin- 
ed •, for fince it is known by experience, that a pen- 
idulum 394 inches long, performs a double vibration 
fcy going forward and returning back in two feconds 
of time, a pendulum whole length is H, that is 
B9725 feet long, will perform a like double vibra- 
tion in 190 5 feconds; confequently, in that time 
found will move thro' a fpace equal to the circum- 
iference of a circle whofe radius is 29725 feet ; that 
it will move thro' 1F6768 feet, which being 
T 3 di- 
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1. 1 c T. divided by igoi, gives a quotient of 979 feet, for 
XVIII- the ipace thro' wKich found moves in onefecondof 
^ '~' time. But it murt be obferved, that in this com- 
putation no regard has been had to the thicknetof 
the foiid partickb of air, thro' which found is pro- 
pagated in an inrtant ; if that therefore be allowet 
for, the velocity of found will come out greater in 
the proportion of about ten to nine ; for lince the 
fpecifick gravity of air is to that of water, as i to 
870, if wefuppofe the particles of air to be equally 
dcnfe with thofe of water, and that the greater ra- 
rity of air js owing to the greater interval between 
its particles, it follows, that that interval is about 
jiine times as great as the diameter of a particle; 
confequcntly, a tenth part of the fpace thro' -which 
found is propagated is poifelTed by the particles of 
air; if therefore to 979 feet, which is the fpace 
thro' which found would move in a fecond, in cafe 
the panicles of air had no magnitude, we add a 
ninth part, or 109 feet more on account of the 
thicknefs of the particles, we fhall have 1088 feet 
for the fpace thro' which found is carried in a fecond 
of time. Betides, as there are vapours difperfed 
thro' the air, which being of a different tone and 
elafticity, do not panake of that motion of the 
true air by virtue whereof found is propagated, 
the moving caufc having on that account fewer par- 
ticles of matter to agitate, muft of necellity give 
them a greater velocity ; aiid from the nature of 
motion it is evident, that the velocity will be greater 
in the inverfe fubduplicate -ratio of the quantity 
of natter to be moved ; that is to fay, if we fup- 
pofe the atmofphere to confift of ten parts of true 
air, and one part of vapours, the motion of found 
will be quicker in fuch an atmofphere, than in an 
atmofphere confifting intircly of true air, in th: fub- 
duplicate ratio of 1 1 to 10, or in the fimplera/Ze of 
^bout 21 to 20. If therefore the velocity laft found 
^e augmented in that proportion, vc (hall have 
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1 142 feet for the fpace thro' which found moves in L e c t. 
one fecond of time ; and this agrees with the moft ^^^J^ 
accurate experiments that have been made, for dif- 
covering the velocity of found. 

The fpace thro' which found moves in a. fecond 
of time being thus difcovered, the length of the 
pulfes excited by the vibrations of a founding body 
may likewife be found, provided the numljcr of 
vibn^tions performed by the founding body in a 
given time, can by any method be determined ; for 
fince each vibration excites a new pulfe, all that is 
requifite to be done, is to divide 1 1 42 by the num- 
ber of vibrations which the founding body performs 
in a fecond, and the quotient will exprefs the length 
of a pulfe in feet. Now, the number of vibrations 
which a founding body performs in a given time, 
has been determined by Mr. Sauveur, in the fol- 
lowing manner ; " Muficians having frequently 
*' obferved, that if two organ pipes which are near- 
" ly unifons, be made to found together, there are 
** certain inftants of time, and thofe, as well as 
" they can be judged of by the ear, at equal inter- 
" vals, wherein their joint found is ftronger, than 
" in the intermediate times." This, Mr. Sauveur 
with great appearance of reafon, thinks is owing to 
the coincidence of their vibrations at thofe inftants -, 
for when by the coincidence of their vibrations, 
they ftrike the ear at one and the fame inftant, 
they muft needs make a ftronger impreffion upon 
it, than when they ftrike it feparately one after an- 
other. Taking this for granted, he by the help of 
a pendulum, took the time between two fucccITive 
coincidences in the vibrations of two pipes of con- 
iiderable lengths, and nearly of the fame tone ; he 
made choice of long pipes, becaufe the coincidences 
■of their vibrations are rarer, and confcquently, the 
intervals between the coincidences are more eafily 
meafured, in long pipes than in fliort ones. Hav- 
ing thus found the time which pafied between two 
T 4 fuc- 
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fucceflive coincidences, he readily found the mim- 
ber of vibraiions performed by each pipe in tha 
fame time, ihcy being invcrfly as the numbers cx- 
preffing the proportion of the tones of the pipes -, ai 
for inftance, if the time between two fucceflive co- 
incidences was found to be the fixth part of a. fc- 
cond, and the numbers which expreffed the propor- 
tion of the tones of tiie pipes were 45 and 46, the 
longer pipe performed 45 vibrations, and the ftiotr 
ter 46, in the fixth part of a fecond. From theic 
experiments he found, that a pipe, whofe length 
■was about five Parifian feet, had the fame tone 
with a ftrine tliat vibrates an hundred times in a fe- 
cond ; conlequcntly, of the pulfes excited by the 
founding of fuch a pipe, there are about one hun- 
dred in the fpace of 1 142 Englijh, or 1070 Parifian 
feet ; and of courfc, the length of onepulfe is about 
10 Parifian feet and xV^hs, that is about twice the 
length of the pipe ; whence it is probable, that the 
lengths of the puHes excited by the foundings <rf 
open pipes, are in all cafes equal to twice the Icngdi 
of the pipes. 

In a former lefture, fpeaking of the incr«fe> 
which morion received by being communicated* 
from a fmalier elaftick body to a larger, I took oc- 
cafion to give a reafon for the augmentation of 
found in fpeaking trumpets -, I (ball clofe this lec- 
ture, by accounting for it from the nature of the, 
pulfes of the air. From what has been faid in re- 
larion to the properties of thofe pulfes, it is manifeft, 
that the greater their condenfation is, the ftronger 
is the found which they excite ; now, when the 
voice afts upon a portion of air confined within a 
trumpet, it mufl: neceflarily make a ftronger ira- 
prefiion upon it, and of courfe condenfe it more, 
than when it ai5bs upon ic in an unconfined ftate ; inaf- 
much as in the former cafe, the force of the voice is 
wholly imployed in giving motion to that fmall por- 
tion of air which lies widiin the trumpet, whereas 
4 ia 
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in the latter cafe, not only that portion of air is put 
■ in motion by the force of the voice, but likewife all 
that body of air which imnnecliately furrounds it j 
the air then in the trumpet being by reafon of its 
confinement, more ftrongly agitated and more 
clofely comienfed, than it would otherwife be, 
■muft at the exit of the trum].iet, communicate to 
the air without greater degrees ot condenfation -, and 
of conlequence, produce a louder found, than could 
pofliblybe excited by the fame force of the voice, 
■were it immediately imprefled on the unconfined 



LECTURE XIX. 
Of Light. 



LIGHT, whereof I intend to treat in this L 
lefture, is a moft lubtile fluid, confifting of XIX. 
particles exceedingly fmall, but of different magni-'" 
ludes, as fhall be Jhewn hereafter, which are thrown 
off from luminous bodies by the vibrating motions 
of their parts, with a velocity furprizingly great; 
for tliey do not fpend above ieven or eight minutes 
of an hour in pafTmg from the fun to the earth, as 
was obierved firft by Mr. R o m e r, Profeflbr of 
Aftronomy to the late King of France ; and after 
him by others, by means of the edipfes ofthefalel- 
lites of Jupiter; for thefe eclipfes, when the earth 
is between the fun and Jupiter, are obferved to 
happen about fcven or eight minutes fooner than 
they ought to do by the aflronomical tables ; and 
on the contrary, when the earth is beyond the fun 
with refpe6t to Jupiter, they happen about fcven 
or eight minutes later than they ought to do ; fo 
that in xht latter fituation of the earth, they are ob- 
ferved to happen fourteen or fixtcen minutes later 
than in the former ; forafmuch tlierefore as the fatel- 

lites 
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L E c T. lites cannot difappcar, but muft continue vifible to ■ 
y ^- the eye of an obierver, till all that light which they 
~^~ refleft before their imracrfions has paffed by the 
place of obfervation, it follows, that the refiefted 
light of the fatcllites fpends fourteen or fixteen mi- 
nutes in pafling from one end of the diameter of 
the earth's orbit to the other ; and consequently, 
half tliat time in moving from the fun to the earth. 
Hence, if the diftance of the fun from die earth be 
70 millions of miles, as it muft be on fuppofition 
that its horizontal parallax is twelve feconds of a 
degree, and fuch the mod accurate obfcrvations of 
the lateft aftronomers make it ; then light moves 
at the rate of about 1 50 thoufand miles in a fecond 
of time, and its velocity exceeds the velocity of 
found, in the proportion of above (even hundred 
thoufand to one. 

The motion of light is in its own nature reftiE- 
neal, as is evident from the fliadows which all opaque 
bodies caft when placed in the light of the fun, or of 
any other luminous body ; and yet the beams or 
rays of light in palling out of one tranfparent body 
or medium into another of a different denfity, arc 
bent and turned out of their way; or to fpeak 
more properly, they are made to change the direc- 
tion of their motion ; and this bending or change 
of direftion is commonly called refraffim ; and it 
has been found by experience, thai the rays in paf- 
ling out of a rarer medium into a denfer, are bent 
in fuch a manner as to be brought nearer to a line 
drawn perpendicular to the refraftingfurface at the 
point of incidence; and on the contrary, in their 
paflage out of a denier medium into a rarer, they 
decline from the perpendicular. 
PI. 8. For the illullration of which, let AB reprefent 

■^^S- i- a ray of light moving in air fi-om A to B, and paf- 
ling into water at B, and let HK be perpendicular 
to the furfacc of the water at the point B ; when 
the ray goes into tlie water, it docs not continue its 
motion' 
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motion ftrait forward in the line BC, but in fome L e c t, 
other line as BD, which is more inclined to the per- ^ ^- 
pcndicular BK. And on the other hand, if the 
line DB be fuppoled to be a ray of light moving 
'in water from D to B, and there paffing into air, in- 
ilead of continuing its modon in the direction BE, 
it goes on in fome other direftion as BA, which 
being lefs inclined to, is more diftant from, the per- 
pendicular BH i as will appear from the follow- 
ing experiment. Let an empty veflel as BCDE, Exp. i. 
have a fmall objeftas A, placed at its bottom ; and ^!- *- 
Jet it be fo fitiiated as that the fight of the objeft ^^' ♦" 
may be intercepted by the fide of the veflel from 
an eye placed at Qj let then the veffel be filled 
with water, and the ray AB, which before the pour- 
ing in of the water, moved in a right line from A 
to K, and by fo doing pafled above the eye, will 
upon its emerfion out of the water be bent down- 
ward, fo as to rtrike upon the eye, and thereby 
render the objeft vifible. 

This bending of the rays in their paflage but of 
one medium into another, feems to be owing to the 
attraftive force of the denfer medium afting upon 
the rays at right angles to the furface, as may ap- 
pear by confidering the confequences of fuch an 
attraftion. 

Let then AC be a ray of light moving from A PI- 8. 
to C, and there entring into a denfer medium, the F^E-S- 
furface which feparates the two mediums being de- 
noted by the line HK. The motion of the ray in 
the direftion AC, being refolved according to the 
known method into two, one in the direction AD, 
and the other in the direiftion AB or DC, whereof 
the former is parallel, and the latter perpendicular 
to HK-, it is manifell, that as the ray enters into 
the denfer medium at C, its perpendicular motion 
muft be accelerated by the attratTion, whilft its pa- 
rallel motion continues the fame ; let then the line 
CG be taken in the fame proportion to CD, that 

the 
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■T. the velocity of the perpendicular motion after re- 
*■ fraiftion has to the velocity thereof before the rc- 
fraftion ; and foralmuch as the parallel motion is 
the fame before and after rcfrai5tion, let CE be ta- 
ken equal to AD or BC, and letting fall EF equal 
and parallel to CG, and drawing the diagonal CF, 
the ray after refradiion will defcribe the line CF in 
the fame time that it moved from A to C before 
the rrfraftion ; and forafinuch as GF is equal to 
AD, LM, that is, the fine of the angle MCL, 
muft be lefs than AD, the fine of ACD ; confe- 
quently, by the attraiftion of the denfer medium, 
the ray in paffing into that medium is brought 
nearer to the perpendicular. 

Again, let FC denote the motion of a ray in the 
denfer medium from F to C, and let this motion 
be refolvcd into two others, one in the direction 
FG or EC, and the other in the direction FE of 
GC, the former being parallel, and the latter per- 
pendicular to HK ; when the ray pafles into the ra- 
rer medium at C, the parallel motion does not fuf- 
fer any change from the attraction ; but the per- 
pendicular motion is retarded by the attraftivc 
force, which in this cafe a<fi:s in direft oppofition to 
it; let then CD be to GC, as the perpendicular ve- 
locity of the ray in the rarer medium, to the per- 
pendicular velocity thereof in the denfer ; and let 
DA be drawn equal and parallel to FG, in order to 
denote the parallel motion of the ray after refrac- 
tion 1 and the diagonal CA will be the line defcrib- 
ed by the ray after rcfraftion, in a fpace of time equal 
to that wherein it defcribcd the line FC before re- 
fraftion; and forafmuch as AD is equal to GF, it 
muft be greater than LM j confequently, the angle 
ACD is greater than FCG ; and therefore, the ray 
in palnng out of a denfer medium into a rarer, is l^ 
the attraftion of the denfer medium bent from the 
perpendicular ; fo that in both cafes, the refraftion 
fcems to be owing to the attraiftive force of the 
denfer 




PI. 8. ' 

Fig. 6. 
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denfcr medium, afting upon the rays at right angles L e c t. 
to its furface j and what farther confirms this opi- ^^' 
nion is, that the denfer any medium is, and conle- * 
quemly the llronger its attradion, the greater, 
ceteris faribtis, is its refradtive power -, thus oil of 
vitriol, whole denfity exceeds the denfity of water 
in the proportion nearly ot three to two, aifls more 
forcibly than water on the rays of light, in bending 
and turning them out of their wayi as will appear 
from the following experiment ; let the fixth figure 
reprefent a quadrant, whofe radius AB is parallel 
to the horizon ; and let A be a fmall coloured ob- 
jedt, placed on the limb of the quadrant at the ex- 
tremity of the horizontal radius; this being viewed 
thro' an empty glafs veffel as C, of a prifmatick 
form, placed at the center of the quadrant, with 
its refraining angle downwards, will appear in its 
real place at A. Let then the velTel be filled with 
water, and let the objeft be railed on the limb of 
the quadrant as high as D, that is to fay, to the 
height of fifteen degrees and twenty minutes, and 
the rays as D B, which go from it cowards the prifm, 
■will be fo bent in paiTmg thro' the water as to en- 
ter the eye in a direction parallel to the horizon, 
and reprefent the objeft as if placed at A. And 
the fame thing will happen when the veflel is filled 
with oil of vitriol, excepting only that the objeift 
muft be raifed to a greater height, fuppofe to E, fo 
as to have an elevation of twenty degrees and eight 
minutes ; which plainly Ihews, that the rays are 
more bent, and fufFer a greater refraftion under 
the fame circumftances from oil of vitriol, than 
they do from water. 
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Rcfraftions taken by tlie Quadrant and prifma- 
tick ve/Tcl. 






Denfity. 


Degrees 
and min. 


Sines. 




Water 


■ 


15.20 


2644342 




Oil of vitriol 


1.497 


20.8 


3442060 




Sale water 


1.2 


17-52 


3068029 




Spirit of harcfhorn 


J. on 


16. 


275«37-» 




Spirit of wine 


O.S35 


■7- 


2923717 




Oil of turpentine 


0.869 


22.34 


3837582 




Oil of linfeed 


0.939 


i2-57 


3S8927?, 



The denfer medium begins to attraifl the rays u 
fome diftance from its furface, and it afts upoo 
ihem more and more forcibly in proportion as their 
diftance from its furface leflens ; but however, in 
what follows I fhall fuppofe the attraftive force to 
aift with the fame vigour in all parts of the (pace 
thro' which it extends itfelf ; becaufe, as that (pace 
is indefinitely fmall, no fenfible error will arife from 
PI. a. fuch a fuppofition. If then CD be the furface of 
^'ig-y- the denfer medium, and AB the fpace thro' which 
the. attraftive force extends itfelf from A to B ; a 
ray of light in pafTing from B to A will be accele- 
rated in fuch a manner, as that the perpendicular ve- 
locity thereof at the point A will be equal to the 
fquare root of the fum of the fquare of the perpen- 
dicular velocity of the ray at its incidence on the 
point B, and of the fquare of the perpendicular ve- 
locity 
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locity which it would have at A, fuppofing it be- L e c t. 
gan Its motion at B, from a ftate of retl. For fince ^^• 
the attradive force is fuppofed to ai5t uniformly thro'^""^''""' 
the fpace BA, the motion which it generates will 
as to its properties correfpond with the motion ari- 
fing from gravity-; if therefore the triangle EGH pj. g, 
be taken to denote the fpace B A, GH will exprefs fig. 3. 
the velocity of a ray at A, on fuppofition that from 
, a ftate of reft it begins its motion at B ; but if at B 
it has a velocity exprcfled by any right line as I K, 
parallel to G H, let the triangle be continued on till 
the porrion IFLK becomes equal to F,GH, and 
FL will exprefs the velocity of the ray at the point 
A; and forafmuch as the triangle EFL, is equal 
to the fum of the two triangles EGH and EIK, FL. 
is equal to the fquare root of the fum of the fquares 
of GH and IK -, that is, the perpendicular velocity 
of the ray at A, is equal to the fquare root of the 
fum of the fquare of the perpendicular velocity of 

I the ray at its incidence on the point By and of 
the fquare of the perpendicular velocity which it 
would have at A, on fuppofition that it began its 
motion at B from a ftate of reft. And this being 
fo, the courfe and velocity of a ray of light after 
refraftion, in pafling out of a rarer medium into a 
deafer, may be determined in the following man- 
ner. Let Z be a rarer medium, and X a denfer, fe- pi. g, 
parated by tlie common furface E F, on which let Fig. 5, 
a ray of light as AC, fall obliquely, and let AC 
meafure the velocity of the ray in the rarer medium ; 
which velocity is the fame, whatever be the incli- 
nation of the ray. From the center C with the 
radius C A, let a circle be defcribed, in which let 
NM be drawn thro' the center perpendicular to 
EF, and from A let fall AQ__ perpendicular to EF, 
as alfo AO perpendicular to NC. The motion of 
the ray in the direction AC being refolved into two 
others, one in the direftion AO or QC, and the 
other in the diredtion AQ^or OC; the line OC 

will 
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, E r r. will meafiire the velocity of the perpendicular mo- 
^"f- tion i and therefore, if C P be taken to denote the 
' "perpendicular velocity generated by the attrac- 
tion of the denfcr medium, the line PO will mea- 
fure the perpendicular velocity of the ray in the 
denfer medium j and forafmiich as the velocity of 
the parallel motion is no way altered by the attrac- 
tion, if CV be taken equal to QC, and VB be 
drawn parallel to CM, and equal to PO, it is evi- 
dent, that the ray after refraiftion, will defcribe the 
line CB, and that the velocity of its motion will be 
meafured by that line. 

As a CoroHary^ from wliat has been proved it 
follows, that the velocity of the refracted ray in the 
denfer medium is no way varied by varying the in- 
clination of the incident ray ; for the fquare of BC 
being equal to the fum of the fquares of BV aad_ 
CjV, or of PO and AO, and the fquare of PO bel^ 
ii^ equal to the fum of the fquares of CO and VC\ 
the fquare of CB is equal to the fum of the Iquares 
of AO, CO, and PC -, but the fquares of AO and 
CO are equal to the fquare of CA or CN ; confe- 
quently, the fquare of CB is equal to the fum of 
the fquares of P C and C N, which quantities con- 
tinue unvaried, whatever be the inclination of the 
incident ray ; and therefore P N or C B is a given 
quantity ; that is, the meafure of the velocity, and 
of confequence, the velocity wherewith the rays 
move after refraftion in the denfer medium, is al- 
ways the fame, however differently inclined the 
rays may be to the furface of the denier medium at 
their incidence thereon. ' 

The angle ACN, which the line defcribed by the ' 
incident ray contains, with the perpendicular to the 
refrafting furface at the point of incidence, is called ' 
the angle of incidence ; and the angle B C M, which ' 
the line defcribed by the refrafted contains, with the 
perpendicular to the refrafting furface at the point 
of incidence, is called the angle of refraiiion. 

As 
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As a forond Corollary, from what has been prov- L e c- t. 
d it follows, that the fines of thefe angles are tg ^^^'^- . 
One another in a given ralig ; or, m other words, 
that whatever proportion the fme of any one angle 
of incidence bears to the fme of the correfponding 
luigle of refraAJon, the fame does the fine of any 
wher angle of incidence bear to the fine of the re- 
i^wftive angk of refraftion. For fince CB is cut P13 . 
by the circle in the point T, if frofft B and T-, jRS F'g' g. 
and TR be drawn perpendicular to the radius, BS 
, will be equal to AO, vrfiich is the fine of the angle 
qf incidence, and TR will be the fine of the angle 
9( refraftiofl ■, and from the nature of fimilar tri- 
angles, B S is to TR, as C B to C T 1 that is, the 
fee of incidence is to the fine of refradtion in tlie 
ftme proportion with two ftanding quantities ; con- 
^uencly, that proportion is given, whatever be the 
ftielination of the incident ray. And what has been 
iKus proved, with refpeift to the fines of inci- 
dence and refraftion, when rays pafs out of a rarer 
medium into a denier, is in like manner demon- 
ftrablc o( thofe lines, when the rays move out of a 
dcnfer medium into a rarer, with this difference on- 
that whereas in the former cafe the angle of in- 
cidence exceeds the angle of refraftion, in the latter 
Xt is exceeded by it ; for as the actraftion of the den- 
frr medium by accelerating the perpendicular velo- 
city of the rays in their paffage from a rarer me- 
llium turns them out of their way, fo as to bring 
l^em nearer the perpendicular, fo on the other hand, 
by retarding their perpendicular velocity in their 
paffage into the rarer medium, it turns them out of 
their way io as to remove them farther from the 
•erpendicular, as has been already Ihewn -, and for- 
afmuch as the rays are turned out of their way in 
bpth cafes by one and the fame caufe aifting in the 
ftme uniform rpanner, it is manifeft, that in both 
9fttfis, they muft be equally bent ; coniequently, as 
\i much 
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Ltcr. much as the angle of incidence exceeds the ajigle of 

XIX. rcfraiftion when a ray pafles out of the rarer mediumt 

' " into the dcnfcr, fo much inuft it be exceeded by 

it, when the paffage of the ray is made the contrary; 

way. , 

Now that the fine of the angle of incidence is to. 

the fine of the angle of refraftion in a given rality 

whatever be the inclination of the incident ray, may 

be proved experimentally in the following manner. 

Let a brafs quadrant graduated on both fides, and 

^: ^- fixed at its center to a perpendicular pillar in the- 
'*' '°' manner reprefcnted, have two indices as A and B^ 
one on each fide» moveable on the center C ; and) 
let the index A, whereof the ft:eni D is a contJnu-(_ 
ation, be made to point to the 1 5th degree, and 
the index B to the 15th minute of the 20th de-: 
gree j let then the pillar be imnierlcd in water, fo: 
far as that C E the horizontal edge of the quadranc 
may tovich the furface of the water, and upoQ: 
riewing the ftein D which lies within the water, iti 
will by reafon of the refraction feem to have chang-: 
ed its fituation, and appear to lie in the fame plane 
with the index E. And the fame tiling will like- 
wife obtain, if the index A be fet at the 30th de*^ 
gree, and B at the 30th minute pf the 42d degree.. 
Now in both thefe cafes, the angle of incidence u 
equal to the angle contained between FC, thcj 
perpendicular edge of the quadrant, and the in-, 
dex A 1 and the angle of rclradion is the angle* 
made by the perpendicular edge of the quadrant,! 
and the index B i fo that one of the angles ot in-i 
' cidence is 15 degrees, and the other 30, and thfit" 
correfponding angles of refrattion are nineteen. dc?j- 
grees fifteen minutes, and 41 degrees 30 minutes^ 
and 25, which is the fine of the lelTer angle of iii-f 
cidence, is to 33, the fine of the correfpondingj 
angle of refraftion, as go, the fine' of the greartig 
angle of incidence, to 66, tiie fine of the anglft 
2 ^of" 
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of refraAioh, which correiponds thereto } as in 
the f<^owing Table. 
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/ 


Angles of 
incidence. 


Sines. 


Angles of 
refraSion. 


Sines. 

3296 
6626 

3746 
7313 


i 

Out c^ water into 
sur. 


d. 

15- 

d. 

30- 


2588 
5000 

2588 
5000 


d. m. 
19. .15 
d. m. 

41- 30 


Out of oil of tur- 
pentine into air. 


d. 

15. 
d. 


d. 
22. 
d. 

47- 
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Of Colours. 



NATURALISTS were formerly of opinion, Lict, 
that Light was in its own. nature fitnplc^ ^^ 
and uniform, without any difference or variety in 
its parts. And that Colours, which are to be 
the futDgeft of this leftiire, were nothing elfe than 
ceruin changes or. modifications of light caufed 
by refraSumSj refleSlionSj and Jhadows. But Sir 
Isaac Newton, to whom we are indebted for 
almpft every thing that we know with certainty 
concerning the nature of light, has fhewn from ex- 
periments, .that notwithstanding the uniform ap- 
pearance of light, the particles whereof it is com- 
pofed are of different colours ; and that the colour 
of each particle is tailing and permanent, fo as not 
to be chanced either by refraftion or reflexion. He- 
4uA likcwift (hjswnt that thoie parQcles which differ 

. ' U 2 as 
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Leer, s to colour, diScr a.\(o in degrees of refrangibifky' %■• 
^^ by means whereof, the rays of diStrent coloun rmy^ 
be fcparated from each other, and exhibited tparti 
■ Let a beam of the fun's light pafs into a darlcenej 
chamber thro' a round hole as H, about the fix- 
' ocenth or twentieth part of an inch widc» So as 
fail direfcly on the middte of a double etwvex dio 
is L, ground to a ratiius of five or fir feet, and: 
placed at the diftance of ten or twelve feet &aini 
Ae hole ; by which means the image of the hotel 
will be ]>roiei5ted to I, on the other fnk of the ial^, 
,-tt the diftance of ten of twelve feet more, and there 
appear white and round. Let then a prifm of foCd 
grccnilh glafs « P, be placed clofc behind ihe A«j, 
and in futh a pofture as that the beam of light majr 
fall upon it perpendicular to its axis, which Is an 
imaginary Itrait line, running thro' the middle from 
one end to the othct' parallel to its (dgss ; this be- 
ing done, the image of the hole, inftead of being 
round and white, and projefted to I, will be long 
and coloured, and calt fidewile from I ; and the 
colours of the image taken in their order from that 
which lies neareft 10 I, will be red, orange, yiSopt^ 
greiHy blue, ptirplg, and vialttt, as in the itn)^. 
MN, where the fcveral colours aic dcBOtcd by 
their initial letters. 

from the lengthening of the round image bf' 
the Tofraiftion of the prifm, it is evident, that of • 
the particles of light which form the image, Jbmc 
arc more refrangible than others ■, for were they all 
alike refrangible, the diftances to which they axt 
thrown fidewile from their firft fituation at J, wooli 
be all equal, and of confequence, Uie fecond imags 
would be round as the firlt. , 

As in the coloured fpeSrum the re*/ ties neareft to,, 
and the violet fardielt from I, it U manifeft, ;that- 
the red particles in their paflage thro' the pnftn»-~ 
are pulhtd out of their way lefc, and the vaoteC' 

moie^ 
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■more than any other -, and confeqgently, that the t e c ». 
red particles have the fmalleft degree of refrangibi- . J^^ 
lity, and the violet the greatcft ; and that the par- 
ticles of intermediate colours have intermediate de.- 
■grees of refrangibility, greater or lefs in proportion 
-as they lie nearer to die one or the other of the two 
■cxtreams. 

This difference of refrangibility in the particles 
•stf l^ht, argues a difference likewife in their mag- 
nitudes -, for fince one and the fame caufe, to wit', 
•the attraftion of the glafs, afting upon them all 
■with equal force, and under like circumftancea, 
produces unequal changes in the directions of their 
."motions, it muft: needs be that they move with un- 
equal forces, and confeqiiently, that their quantiries 
of motion are unequal, which inequality of motion 
can arile from nothing elfe but the different fize 
of the particles, in cale they all move equally fwifc, 
«s they are generally fuppofed to do ; and that they 
aw all perfei;"'tly folid, as their power of penetrating 
and diffblving the denfeft bodies, without fiiffering 
any change themfelves, feems to require ; confc 
quently, the particles of light which differ as to _ 'id 
colour, differ alfo in magnitude ; thofe of violet be- 
ing fmalleft, and the particles of other colours in- 
creafing continually one above another, as they are 
more and more removed from the violet, and ap- 
proach nearer to the red, whofe particles are largeft 
pf all ; and here it will not be improper to obferve, 
that as the red particles are of all others the largeft, 
ihcy muft on that account aift with the greareft 
force, and excite the ftrongeft vibrations in the ner-. 
vous coat of the eye ; which may be one reafon 
jvhy reds are found to be more offenfive to the 
eyes, than any other colour whatever. 

The feven colours whereof the long image is 
compofed are permanent and lalling, and cannot 
poinbly be changed, either by refraAion or reflexi- 
(m^ as will appear from the following experiments. 
" a-'Jiia ' U 3 Let 
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Let a fmall hole be made m the paper whereon the 
coloured image is formed, iKro' which, let each of 
the leven colours pafs fuccelTwely, and falling upon 
a prifm, be again ref rafted, and they will be found 
to continue the fame, without the leafl change or 
alteration ; thus, the red when refrafted, will con- 
tinue [utally of the fame red colour as before ; nei- 
ther crar.ge, yellow, green, blue, nor any other new 
colour, will arife from the rcfraftion ; and the like 
conftancy and immutability will be found in the 
other fix colours, when refrafted fingly and apan 
from the reft. And as theft colours are not chang^ 
able by refraftion, fo neither are they by reflexion; 
for if bodies of different colours be placed in the red 
light, they will all appear red, and in the blue light, 
they will appear blue, in the gieen light, green, and 
fo of the other colours ; in the light of any one co- 
lour, they will all appear totally of that fame co- 
lour, with this difference only, that in fonK the 

, colour will be more tbong and full, in others mofe 

faint and dilute, every body appearing moft fplen- 
did and luminous in the light of its own coloiuf. 

Exp. 3- Thus for inftance, if a deep red as carmine, andi 
full blue as ultramarine, be held together in the red 
light, they will both appear red ; but the carmm 
will appear of a ftrongly luminous and refplendenl 
red, and the ultramarine of a faint obfcurc and dark 
red ; and on the other hand, if they be held toge- 
ther in the blue light, they will both appear bUicj 
but the ultramarine will appear of a ftrongly lumi- 
nous and refplendent blue, and the carmine of a 
faint dark blue. 

Since the colours of the rays arc not capable of 
being changed either by refraftion or reflexion, it 
is manifeft. that if the fun's light confiftcd of bvit 
one fort of rays, there would be but one colour in 
the world ; and by confequcnce, that the variety of 
colours depends upon the compofition of light. ]( 
il likewife mapifefl, that the permanent colours of 
'i-f^ '. natural 
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natural bodies arife from hence, that fome bodies L e c t. 
'icHeift fome fort of rays, and others other forts ^ * . 
more copioufly than the reft, and upon that account , 

appear of this or that colour. Thus minium^ and | 

other red bodies, refleft the red rays moft copioufly, ' | 

and thence appear red ; "violels^ and all other bodies i 

of the like colour, rcfledt the violet rays in greater j 

abundance than the reft, and thence have their co- 
lour 1 and fo of other bodies, every body rcfleft- ' 
ing the rays of its own colour more copioufly than 
[he reft, and deriving; its colour from the excefs 
and predominancv ot thofe rays in the refleifled 
light; for tho' all bodies appear of the fame co- 
lour, wlien placed together in the light of any one 
colour, yet every body looks more fplendid and J 
luminous in the light ot its own colour than in that J 
of any other, which puts it paft difpute, t!iat every I 
body reflcifts the rays of its own colour in greater ' \ 
abundance, than it does the reft, and thence lias ^ 
its colour. 

As natural bodies appear of divers colours, ac- ^ 

cordingly as they arc difpofed to reflect moft co- 1 

pioufly the rays originally indued with thole colours, | 

fo from the different proportions which the predomi- 
nant rays bear to the reft of the reflefted light, arife 
difitrent (hades or degrees in thofe colours. Where 
the predominant rays are very numerous in proper- , 

tion to the reft, the colour appears ftrong and full ; \ 

■but as the excefs of the predominant rays leflfens, | 

the colour, from the mixture of the other rays, 
abates of its livehnefs, and becomes more faint and 
dilute ; and when all the rays are equally reflefted, 
■fo as that no one kind predominates, the colour 
becomes white -, for whitenefs is a mixture of all 
the colours, and it is more or lefs intenfe in pro- 
portion as the reflefted rays are more or fewer in 
.number; all grays^ duns, rujfeis^ browns, and other 
, dvk and dirty colours, down to the deepeft blatk^ 
U 4 being 
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being but fo many lefler degrees of white, and difier* 
ing from perfect whiieneli on no otUer account bw 
that they ccnfift of a lefler quantity of light, and 
conlequentiy appear Icfs glaring and luminous. 

The reafon why bodies rcfleft this or that kind 
of ray more copiouily than the reft, and confe* 
quently appear of this or that colour, depends al- 
together on the fizc and denfity of the particles 
■whereof the bodies are compofcd. Particles of 
coloured bodies refleiSting rays of diflfcrent co> 
lours according to their different magnitudes and 
denfitici, as has been fully proved by Sir Isaac 
NtwTON, from experiments and obfcrvations made 
on the colours of thined bodies of air, v-'aier, and 
glafs ; by the help of which he has in the fccwid \ 
book of his Opiiikft given us a table contwning 
feven ordirs or fencs of colours, together with tlie 
thicknefies of the particles of air, water, and glafe, 
which exhibit the feveral colours in each omerj. 
which thicknelTes are exprefled in parts, whereof 
ten hundred thoufand make an inch. The firft 
part of that table is here laid before you ; and by 
infpeftion thereof it will be found, that in each 
order of colonra, the red is reflcfted by particles of 
the greateft thicknefs, and that the thicknefles of 
the panicles which refleft the other colours, grow 
lefs and lefs, as the colours which they refleft arc , 
more and mort removed from the red. It is like- i 
wile mamfeft from the fame table, that among the ' 
articles which refleft one and the fame colour, 
thofe which have the greateft denfity, have the 
leaft ihicknds ; ihii'; for inftance, the thicknds of 
a particle of glafs which reflcfts the fcarlet of ihc 
ftccnd order, is but Ji-^i whereas the thickncis of 
water which rdlefts the fame colour, is 14^, and 
that of air itill greater, to wit ig^i fo that the 
thicknefles of the panicles which rdHc^ any colour, , 1 
increafe as tiicir deniitics leiTen ; for which realbn, \ 
particles 
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'particles of the fame thicknefs may refleft different L e 
colours, provided their denfitics be unequal -, thus 
the particles of air which refieft the violet of rhey^- ^ 
torU order, have very nearly the fame thicknels with 
particles of water which refleifl the gretn^ as alfo 
with the particles of glafs which refleft the orangs of 
the fame order. 
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ThlcknclTes of J 




Air. 


Water. 


■TT 


'Very Black 


T 


i 


Black 


1 


1 


-TT 


The CO- Begifmin^ of Hack 


2 


'i 


't 


lours of J Blue 
the /r/f 1 IVUli 


2t 


14 


■ 44 


S-i 


3t 


3I 


trder. 


rillrm 


li 


54 


4t 




Orange 


8 


6 


5i 




Red 


9 


f>\ 


54 




\Vid,t 


"t 


84 


74' 




Indico 


I2i 


9t 


St% 


Of thc/t- 
* eond or-' 


Bhi 


14 


IOt 


9 


Green 


'It 


III 


9t. 


der. 


Tellow 


i6' 


I2t 


io4 




Orange 


■7i 


13 


1 14 




Bright red 


.84 


134 


u4 


■■■ '" 


Scarlet 


i9t 


I4I 


124 



From what has been faid concerning the colours 
of natural bodie.;, it follows, that if any change be 
made in the fize or denfity of the panicles whereof 
a body is compofed, the colour of the body will 
likewife be changed ; for which reafon, if two co- 
lourlefs liquors be mixed together, they may in the 
mixing fufFer fuch changes in the fize and denfity 
of their parts from their mutual aftions one upon 
another, as to become opaque and coloured ; and 

fuch 
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J. i. c T. fuch liquors as are coloured, may for the fame res- 
, -' . forit when mixed together, cither become tranfpa- 
rent and colourlefs, or of fuch a colour as is diffe- 
rent from the colour of either, before the mixture^ 
as will appear from the experiments now to be 
made. 



Colours produced by the mixture of liquors void of 

t colour. 

. Rofated fpirit of wine, and fpirit of vitriol, a Red. 

■2. Solution of mercury, and oil of tartar, Orange. 

■J. Solution of fublimatc, and lime water, Tellow. 

4. Tinfture of rofcs» and oil of tartar, Green. 

5. Tinfture of rofes, and fpirit of urine. She. 

6. Solution of copper, and fpirit of fal ar- 

moniack, Ptrrple. 
17. Solution of fublimace, and fpirit of fal 

j _ armoniack, TVhiU. 
: t. Solution of fugar of lead, and the fo- 

I lution of vitriol, Blctd. 



I Cf lours arijing from the mixture of fucb liquors as are 
I ' coloured. 

1 '■ ' 
I XTtllow. 
'ii-Red. 

KRed. 
,'■ { Brown. 

(Bf«i. 
•'■ I Bill. 

I Blut. 
5- i BIkt. 

*■ I Blue. 



Tincture of fatfron 

Tinfture of red roles 

Tinfture of violets 

Spirit of fulphur 

Tinfture of red rofes 

Spirit of hartfiiorn 

Tinfture of violets 

Solution of copper 

Tinfture of violets \ p r*r 

Solution of Hungarian vitriol J '7 '■ ' 

Tinfture of cyanus 

Spirit of fal armon. coloured 



} Green. 

V Crimfon. 

\ Blue. 

\ yioUt. 



I 



Green. 



7. Bluf. 




^ 
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^ C Blue. Solution of Hungarian vitriol ) ^ 7, 
7\iBrown.Uxiyium . . ^rellcw. 

^ 5 ^lue. Solution of Hungarian vitriol In;. 

^' I Red. Tinfture of red rofes 1 ^^^^^^ 

C J5ii/^. Tinfture of cyanus J j^ , 

^' t Gr^^». Solution of copper 3 .. 

Colours changed and reftored. 

1. A fblution of x:opper, which is green^ by fpirit 
iof nitre is made colourlefsy and is ^gain reftored by 
x>il of tarfiir. 

2. A limpid infufion of galls, is made black by 
a folution of vitriol, and tranfparent again by oU 
of vitriol, and then black again by oil of tartar. 

3. Tinfture of red rofes, is made black by a fo- 
lution of vitriol, and becom|!s red again by oil of 
tartar. 

. 4. A flight tinfture of rofes, by ijpifdt of vitriol 
becomes a fine red^ then by Q)irit of 0l1 armo- 
.niack turns green^ and then by pil of vitriql be* 
comes red again. 

5. Solution of verdegreafe, ftom a grun by ipi? 
jit of vitriol becomes colourlefs^ then by fpirit of 
fal armoniack turns a purpky and then by oil of 
vitriol becomes tranfparent again. 

Among the various Pbanomena of colours, ther^ 
is none more remarkable than that of the rainbow^ 
which is an appearance obfervable in thofe places 
only where it rains in the funfliine, and where the 
Spectator is placed in a due pofition between the fun 
and the rain, with his back to the former % for which 
reafon it is generally allowed, that the bow is made 
by the rcfraftion or the fun's li^ht in drops of fall* 
ing rain ; the manner wherein it is formed, has in 
ibmc meafure been e^lained by Aktonivs de 
DpMiNis, archbilhop or Spalaio^ and after him by 
pes C4RT£Si|but as neither of them underftood 

the 
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LicT, the true ori^n of colours, it waA impoAible Ibr 

. j^ _ . them not to be dcfe»5tivc in their accounts; and 
therefore Sir Isaac Niwtow, after he had difco- 
vcred the true nature and rile of colours, fet him- 
felt' to the conGderation of this fubjeft, and towards 
the latter end of the firft book ot his Opiscks, hat 
given a ftiil and fatisfaClory account of the whole 
matter ; the fubftance of what he has chere deliver- 
ed concerning the rainbow is as follows. 
P' 9* Let a drop of rain, or any other fpherical tnn- 
'*' '" fparem body, be reprefenced by the fphere BNFG, 
and let AN be one of the fun's rays, incident upon 
h at N and thence refrafted to F, where let it 
either go out of the fphere by refraftion towardi 
V, or be refleded to G ; aJid there let jc either gs 
out by refraftion to R, or be refieifted to H, where 
Jet it go out bv rcfraftion towards S, cutting the in- 
cident ray in Y-, let AN and RG be produced dU 
they meet in X. Parallel to the incident ray AN, 
kt the diameter BQ^bc driwn, and let BL be ft 
quadrant, on every point of irhich let us fuppojea 
ray to fall parallel to B(^; as Ui-^ jioint of incidena 
rcmovTci from B towards L, the nngie A X R which 
ihe rays AN and RG contain, will firJt increafis, 
-and then dccrcaic ; and on the othtT hand, the 
angle AYS, contained between the rays AN anil 
YS, will firft decreafc and tiicn increalc. This be- 
ing fo, if we fuppofc N to be that point of the 
quadrant BL, whereon if tlie incident ray AN 
falls, it makes the grcatell angle with the ray GB, 
■which emerges after one reflexion ; then all the rayx 
which full on each fide at a very litiie dittanc^ from 
N, and go out after one reflexion, will emerge pi». 
rdkl or very nearly parallel to GR i whereas ib)£t 
■which fail on the quidrani at greater diltances fi-qift 
N, will notwJtiifUndirig iheir par;dlcii&n bejcffC 
thtir incidence be icattcred, and diverge from one 
another after their emergence. If therefore an cjtc 
liiE iimated in the. direction of the fonuer ,&^ 
•jilt 2 which 
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irhich gc out parallel, thty will enter i: fo copioufly L k c v. 
BS to exhibit the image of the lun in the drop of . ^- ^ 
rain which refleds them ■, but if the eye be fo placed ''" 
u xa,/tccivt the latter rays which go out diverging, 
(hofe which enter the eye will be too few to excite 
*ny fenfation ; and of confequence, the image of 
the fun will not appear in the drop to an eye fo A* 
tuated. 

. If N be the point, whereon if the incident ray 
AN falls it makes the fmallelt angle with the ray 
HS, which emerges after two reflexions; then, as 
before, all the rays which are incident near N, and 
which emerge after two reflexions, will go out pa- 
rallel, and for that reafon will exhibit the fun's 
image to an eye ficuated in their direiftion ; but 
thoic rays which are incident at any fenfible diftance 
from N, and which emerge after two reflexions, 
will be fcatcered as they go our, and upon that ac- 
count will be too few, and confcquently too 
feeble to excite any fenfation in the eye of the fpec- 
tator. 

Now, forafmuch as the rays which are of difFe- 
rent colours have likewile dilferent degrees of re- 
frangibilicy, the grcateft angle AXR which can be 
made by the incident rays, and thofe which go out 
after one reflexion, will be of diifercMt magnitudes 
in rays of difFcrent colours ; fo likewife will the 
fmaHcft angle AY S, that can be made by the in- 
cident rays, and thofe which go out after two re- 
flexions ^ and it has been found by computation, 
that in the leaft refrangible or red ra)'^, the greateft 
angle AXR, is 42 degrees and two minutes ; and 
the leaft angle AYS, 50 degrees and 57 mi- 
nutes; and in the molt rtfrangible or violet rays» 
the greateil angle AXR, has been found to be 40 
degrees and 1 7 minutes ; and the leail; angle AYS, . 
54 degrees and 7 minutes, 

Suppole now that O is the Jpeiftator's eye, and ?'• 9. 
DP a line drawn parallel to the fun's rays ; and let ^'S- '■ 

POE 
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L B c T. POE be an angle of 40 degrees and 17 mimitca,' 
JfX. poF of 42 degrees 2 minutes, POG of 50 d&- 
~^ grees 57 minutes, and POH an angle of 54 de- 
grees 7 minutes 1 and thefe angles turned ^bout 
their common fide, ftiall with their other fides OE, 
OF, OG, and OH, defcrlbe verges of two rain- 
bows AFBE and CHDG. For if E, F, G, and 
H, be drops of rain placed any where in the coni* 
cal furtaces defcribed by OE, OF, OG. and OH, 
and be illuminated by the fun's rays SE, SF, SG, 
and SH, the angle SEO being equal to the angle 
POE, or 40 degrees and i 7 minutes, Ihall be Sic 
greatelt angle in which the moft refrangible rays can 
after one reflexion be refracted to the eye; and 
therefore, all the drops in the line OE Hiall fend the 
raoft refrangible rays moft copioutly to the eye, and 
thereby ftrike the fenfes with the deepeft vieUt co* 
lour in that region. And in like manner, the angle 
SFO being equal to the angle POF, or 42 degrecj 
2 minutes, fhall be the greateft in which the leaft 
refrangible rays after one reftexion can emerge out 
of the drops ; and therefore, thofe rays fhall coinc 
moft copioufiy to the eye from the drops in the line 
O F, and ftrike the fenfes witii the deepeft red co* 
lour in that region. And by the fame argument, 
the rays which have intermediate degrees of refran- 
gibility, fliall come moft copioufly from drops be- 
tween E and F, and exhibit the intermediate co- 
lours in the order which their degrees of refrangi- 
bility require, that is, in the progrefs from E to F, 
or from the infide of the bow to the outfide in this 
order, violet^ indigo, Muey green, yelioio, orangty and 
red. 

Again, the angle S G O being equal to the angle 
POG, or 50 degrees and 57 minutes, ftiali be the 
leaft angle in which the leaft refrangible rays caa 
after two reflexions emerge out of the drops, and 
therefore the leaft refrangible rays ftiali come moft 
copioufly to the eye from the drops in the line OG, 

and 
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ami ftrike the fenle with the deepefV red in that re- Lee t. 
gion. And the angle SHO being equal to the , j^^ 
angle POH, or 54 degrees and 7 minutes, (hall '"'"'-' 
be the leait angle, in which the moft refrangible 
tays, after two reflexions, can emerge out of the 
drops \ and therefore, lliofe rays Ihall come moft 
copioully to the eye from the drops in the line OH, 
and ftrike the fenfes with the deepeft violet in that 
region. And by the fame argument, the drops in 
the regions between G and H, Ihall ftrike the lenles ' 

with the intermediate colours, in the order which 
their degrees of refrangibility require, that is, in 
the progrefs from G to H, or from the infide of the 
bow to the outfide in this order, red, orange, yellewy 

f'reen, bli<e, indigo^ and violet. And fince thefc four 
ines OE, OF, OG, and OH, may be fituated any 
■where in the abovementioned conical furfaces, what 
is faid of the drops and colours in thefe lines, is to 
be underftood of the drops and colours every where 
in thofe furfaces. Thus then (hall there be made 
two bows of colours, an interior and ftronger by 
one reflexion in the drops, and an exterior and 
fainter by two (for the light becomes fainter by 
every reflexion), and their colours ihall be in a con- 
trary order to one anorlier, the red of both bows 
bordering upon the fpace GF, which is between the . 
bows. The breadth of the interior bow meafured 
crofs the colours, Qiall be one degree and 45 mi- 
nutes, and the breadth of the exterior, fhall be three 
degrees 10 minutes, and the diftance between them, 
Ihall be 8 degrees 55 minutes ; the greateft femi- 
diameter of ilie innermoft, or the angle POF, be- 
ing 42 degrees and 2 minutes, and the leaft femi- 
diameter of the outermoft, or the angle POG, be- 
ing 50 degrees and 57 minutes. And thefe are 
the meafures of the bows, as they would be were the 
fun but a point ; for by the breadth of his body, 
the breadth of the bows will be increafed, and their 
diftance Icffened by half a degree j and fo the 
brviadiii 
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L I c T. breadth of the interior will be 2 degrees 1 5 minutes, 
^ y^ and that of the exterior 3 degrees 40 minutes, tata 
their diftancc 8 degrees 25 minutes ; the greateft 
fcmidiameccr of the interior bow 42 degrees 1 7 mi- 
nutes, and the leaft of the exterior 50 degrees 42 mi- 
nutes ; and fuch Sir Isaac Newton lays he has 
found the ditnenfions of the bows in the Heaveos, 
wiicn he meafured the fame. This explication of 
the rainbow is confirmed by the following experi- 
'1 9- ment ; let 2 glafs globe filled with water, as AB, be 
S- 3- hving up in the fun-fhine, with a black cloth placed 
behind it, and let I S be one of the lun's rays inci- 
dent thereon 1 let the eye of a fpeiflator whofe back 
is to the fun, be placed at O, and let it be direft- 
ed to fuch a point in the lower part of the globe . 
fuppofe C, as that a ftrait line drawn from the e^ 
thro' that point, and continued on till it meets the 
incident ray likewifc produced, may therewith make 
an angle OXl, of 42 degrees 2 minutes ; and th» 
Ipe^ator ifaall then fee a ndt reJ colour in that (ide 
of the riobc oppofed to the fun as at F ; Jet then 
the eye DC raifed up gradually to P, till the an^' 
P Z 1 becomes equal to 40 degrees and 1 y minutes, 
and as the eye rifes, it will perceive other colours, 
to wit, yelhw, green, and t/ue, fucceffively in the 
fame lide of the globe. 

Again let the eye be placed at Q, and let it be 
directed to fuch a point in the upper part of the 
globe fuppofe D, as that a ftrait line, drawn frtnn 
the eye thro' that point and meeting the incident rvf 
protraftcd, may therewith make an angle QSI m 
50 degrees and 57 minutes, and there will appear 
a faint red colour in that fide of the globe towardc 
the fun ; let then the eye be gradually deprefled to 
R, till the angle RTI is 54 degrees 7 minutes, at 
the eye finks, the red will turn fucceffively to the 
other colours, yellow, green, and hlae, as in dlt 
former cafe upon the raifing of the eye. 

LECTURE 
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LECTURE XXI, 
Of Dioptricks. 

INTENDING in my next lefture to enquire ^ 
into the Nature of Vision, where I fhall 
have occafion to take notice of Defective Eyes, I 
fhaU in this lefture, by way of preparation, lay be- 
fore you fome of the chief properties of fuch lenfes 
or glaffes as are molt commonly in life for affiftjng 
defective eyes ; and they are of two forts, Fii-ft, 
fuch as are equally convex on both fides, and fe- 
condly, fuch as are on both (ides equally concave- 
The former fort is reprefented in the fourth figure, 
and the latter in the fifth. 

Let ABC be an objeft placed before the double I 
convex lens HK at any diftance greater than the ^ 
radius of the fphere, whereof the lens is a fegment ; 
the rays, which ifllie from the feveral points of the 
•objeft, and fall upon the kns, will in their pafl*age 
thro' it be fo bent by the refraftive power of the 
glafs, as to be made to convene at fo many other 
points behind the lens, and at the place of their 
concourfe they will form an image or reprefenta- 
tion of the objeft -, and this image will be invert- 
ed, becaufe the rays which flow from A, the up- 
permoft point of the objeift, are united at F, the 
lowermoll point of the image, whilft thofe which 
flow from C, the lowereft point of the objeift, are 
brought together again at D, the highell point ai 
the image. So likewife thofe rays which iflue 
from the right fide of the objeft, are united in the 
left fide of the image, whilft thofe which proceed 
from the left fide ot the objeft, concur in the right 
fide of the image ; as will appear by placing a light- 
ed candle before a double convex lens, at fuch a dif- 
X lance 
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L E c T. tancc as that the image thereof may be formed onl 
XXI. a piece of white paper placed at a due diftance be-! 
""""""^ hind the lens \ for the flame will appear inverted 
with its point downward -, and if either fide of thc' 
flame be intercepted by tJie irtterpofuion of a dark 
body, the contrary fide of the image will be ob- 
fcured. 

With regard to this ei^eriment, I muft obfette 
to yoii, that tho' there is one certain diftance, « 
which the paf>er mult be placed, in order to exhi- 
bit the image with the greateft diftinttnefs, yet msf 
the diftance be a little varied widiout rendring the 
image confufed -, and it is remarkable, that when 
the image is projefted on tJie paper at the neareft 
.diftance that it can with any degree of diftinftnds, 
,it appears bordered all around with red ; which icd- 
nefi continually dccreafes, as the paper is more and 
more removed from the km -, and when it is re- 
moved to fuch a diftance as is requifite to give the 
image the greateft advantage in point of diftincl- 
nefs, the rednels intirely vanlllies, and leaves tiK 
image equally white all over-, but upon a farther 
removal of the paper, t!ie edges of the image wKidi 
at the neareft diftance were tinged with red, io 
^h.^' now appear tinged with blue. If a candle, which 
'^' ^' is placed at A before the convex lens C D, has its 
. image projeded on a paper at E F, fuppofing thit 
to be the Icaft diftance at which it can be projefted 
diftindly, its edges will appear red, but upon the 
removal of the paper to GH, they will become 
white ; and when the paper is removed to IK, 
they will appear blue ; the reafon of thefe different 
appearances is this, the rays of light as AC and AD, 
which flow from the candle, being compounded cf 
particles of different colours, whereof the red art 
leaft refrangible, and the blue moft ib, upon palling 
thro' the lens, the blue rays are made to convene 
fooneft, and the red lateftj as in the figure wheic 
the blue are denoted by the pricked lines, and thft 
4 re^ 
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by the continued ; fo that an image is formed L b c t. 
EF, by the concurrence of fome of the more ^j^- 
irajigible rays, and it is tinged around its edges ^"^'^ 
the red rays, which converging more flowly than 
: reft lie outermoft, 
■, After the blue rays have concurred, they crofs 
ne another, and go on diverging towards GH, 
'here meeting with the red rays which have not 
concurred, and there mixing with them and 
rays of other colours, they produce a white 
lage, whitencfs refulting from a due mixture of 
. the colours-, as they proceed forward toward 
K, they, by reafon of their greater divergence, 
jircad themfelves on all fides beyond the other rays, 
ild by fo doing, tinge the outlines of the image 
«ue. 
On the formation of pictures by means of a 
mble convex lens, depend the appearances of the 
mera ohfcura, which is a fmall fquare box with a 
ibe iffuing horizontally from one fide, at the ex- 
imity whereof is fixed a double eonvex lens -, with- 
the box is placed a looking-glafs in a flanting 
>fition, fo as to be at half right angles with the 
ittom of the box, which is parallel to the horizon.- 
hi the top of the box is placed horizontally a plate 
f glafs rough on one fide, whereon tlie pitftures of 
bjcAs are reprefenred in the following manner. 
Let A B be an objeft placed before CD, the km PI- 9- 
red in the tube which ifllies from the box -, G H ^'S' ^• 



E looking-glafs inclined to the bottom of the* box, 
an angle of 45 degrees, LM the plate of rough 
^s covering the top of the box horizontally. The 
ays which flow from A, the uppermoft point of 
he objeft, after they have palled the lens, converge 
awards F, and would ai5tiially meet at that point, 
nic that they are intercepted by the looking-glafs 
»H, which reflects tliem, and throws them up- 
ward; and forafmuch as the inclination of the rays 
towards one another is no way altered by the reflexi- 
X 2 on. 
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Le c T. on» they muft meet at fome point as K, as far difi 
^^ ^ ' tant above the fpeculum, as the point F is behind it 

-'^ In like manner, the rays which flow from B, thi 
lowell point of the objeift, and which after they have 
palled the glafs are tending towards E, being re-, 
flefted upward by the fpeculum, are made to con- 
vene at I, whofe diftance above the fpeculum i» 
equal to the diftance of E behind the fpeculum i and 
as the rays from the extream points A and B, arc 
made to convene at K and I, fo thofe which flow 
from tiie intermediate points of the objcift, are 
brought together at correfponding points between 
K and I, whereby the image is proiected horizon- 
tally, but with its right and left fides correfpond- 
ing to the contrary fides of the objeft-, as may ap- 
pear by placing a man before the lens, and cauling 
him to ftir one of. his hands ; for in the image the 
other hand will appear to move. 

The diftance of the image behind the glals is aU 
ways varied by varying the diftance of the objeSi 
before the glafs j the image approaching as the ob* 
jeft recedes, and receding as^that approaches. For 
P|' 9- if we fuppofe A and C to be two radiating points^ 
^'fi- 5- from which the rays AH, AK, and CH, CK fall 
upon the lens HK, it is manifeft, that the rays froroj 
the more diftant point diverge lefs than thofe froini 
the nearer point, the angle at A being lefs than that 
at C ; confequently, when they pafs thro' the gla& 
they muft be brought logetlier fooner, and muft> 
convene at fome point as B, lefs diftant from thcj 
lens, than is the point D, whereat the more di-, 
verging rays from the point C are made to con- 
vene. 

Where the diftance of the objeft, and the ra^m 
of the lens's convexity arc given, and where th« 
thicknefs of the lens is but fmall, as is commonly: 
the cafe ; the diftance of the image from the lens is 
determined very nearly, by faying, as the diltance 
of the objcd: from the lens, leffened by the radiut 
5 o£ 
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, the lens's convexity, is to the radius, fo is the L e c t. 
iftance of the objcft from the kns, to the diftance _ ^]^ , 

the image from the lens ; that is, putting D for 
le dillance of the objeft, R for the radius of the ■ 
invcxity, and F for the diftance of the image, 

I — p. : R : : D : F i confequently, F n — ~. 

'he truth of this nile Is demonftrated by the 
titers of Dioptricks; but as all the demon- 
ftrations which I have hitherto met with are tedious 
and intricate, I Ihall not at preient trouble you with 
them, but fiiall proceeti to confirm the rule by ex- 
periments. 

* Let then the flame of a candle be placed at the Exp. 3, 
<liftance of twelve feet and an half from a double 
convex tens, the 7-adius of whofe convexity is tour 
feet two inches ; tiiai is, let the diftance of the flame 
from the glafs be eqiMl to thrice the radius, and the 
image will be projefted behind the km at the dif- 
tance of fix feet three inches, that is, at the dif- 
tance of a rsdias and an half; for in this cafe, R 
being put equal to unity, RD is three, which be- 
ing divided by D — R, that is, by two, gives one 
and an half in the quotient. 

If the flame be brought nearer to the lens, the Exp. 4, 
image will move farther from it, and when the dif- 
tance of the flame becomes equal to twice the radius 
of the /ctj's convexity, the diftance of the image 
will be equal to that of the flame, the lens ftanding 
in the midway between them ; for in this cafe D — R 
is equal to R, and of confequence, F is equal to 
D. 

The flame being placed at the diftance of the Exp. 5, 

•adius, the diftance of the image becomes infinite, 
in this cafe D — R is notliing, and F is equal to 

I- — , which exprefllon denotes an infinite quantity; 

} fo that in this cafe, there will hot be any image of 
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L E c T. tfie flame ; but the rays of light which flow from 

^-^ - the candle, after they have paffed thro* the lens, 

' '"will go on parallel to one another; and by lb d<>. 

jng, form a bright circular image, equal in fize to 

the lensy and the magnitude thereof will remain the 

fame at all dittances from the glafs. 

Where the diftance of the flame is lefs than the 
radius of the convexity, D — R becomes a negative 
quantity, and fq of confequence does the quotient 
ariling from the divifion of DR by D — R ; which 
fhews, that the place at which the rays meet, lies oa 
the fame fide of the lens with tlie flame -, or to fpeak. 
more properly, that ttic rays after they have pafled 
the Uns, proceed diverging from one another in 
fuch a manner, as if they had flowed from a point 
before the leKs, more diftant than the place of tlw 
flame. For the eafier underftanding of which, let 
PI. 9. the, rays AB and AC flow from the point A, whofc 
Fig. 10. diftance from the lens BC, is lefs than the raMut 
of the lens's convexity ; after they have paflied ihc 
glafs, they will not continue to go on in the dire^ 
ons BD and CE, but in the directions BF and CG, 
as if they had, proceeded from fome point as H, 
more diftant from the /ins than is the point A, from 
■which they really flow •, fo that in this cak, the rays 
after they pafs the glafs, go on diverging from one 
another, but however tliey do not diverge as much^ 
as they did before they pafled the glafs. 

When the difl;ance of the fiame from the glafs ii' 
fo great as that neither the breadth of the /«j,> 
nor the radius of its convexity bears any JenEble. 
proportion to it, then D — R is equal to D ; and o£ 
conlequence, F is equal to R ; that is, the diftance 
of the image is equal to the radius of the glafe's 
convexity, and this is the leaft diftance at which aiL 
image can be piojefted by fuch a le?ii ; and forat 
much as the rays of the fun, which by reafon oi 
the irpmenfe diflrance of his bddy are always unitct 

at 
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at the fmalleft diftance, are apt to burn at the place L e c 1 . 
of their union -, that place is ufually called the/ocKj^ J^ ^j' 
or burning pointy and fomecimes the abfolute focus^ 
in contradiftinftion to thole places whereat the 
images of Icfs remote objefts are formed, and 
which are frequently called the refpeSfive foci. 

The length or breadth of an objeift, is to the 
length or breadth of its image, as the diftance of 
the objeft from the /I'WJ, to the diftance of the 
image from the km. For if AC be the length pi. 9. 
or Breadth of an objeft, and DF the length or Fig- 6. 
breadth of its image -, AB, which is one half of AC, 
is to F E, which is one half of FD, as BL to EL, 
the triangles A8L and FEL being fimilar. Hence 
it follows, that the nearer an objed; approaches the 
lens^ the larger is its image, the unage receding, and 
confequently inlarging, as the obje<5t approaches ; 
and thus it appears to be from experiments ; for Etp- ^■ 
the fiame of a candle being placed at a diftance 
greater than the diameter ot the /f«j's convexity, in 
whicli cafe the diftance of the image is lefs, appears 
larger than the image, but being brought within 
the diftance of the diameter, the image, which in 
that cafe is at the fame diftance, becomes equal tq 
it 1 and upon bringing the ^ame ftill nigher, the 
image becomes larger in proportion to the fquare 
of its greater diftance. 

The fame thing is likewife evident from the ma- Exp. 7. 
gick lantern ; which is a lantern out of which iflues 
an horizontal arm, capable of being lengthened or 
Ihortcned at pleafure, by means of one part Hiding 
in and out of the other; to the extremity of the 
moveable part is fitted a double convex lens 1 and to 
that part of the arm which joms the lantern is 
adapted a glafs, plane on one fide, and convex on 
the other, the plane fide looking towards the lan- 
tern 1 in the body of the lantern there is placed a 
candle, whofe diftance from the plane-convex glafs 
X 4 is 
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- is fomcwhat left than the focal diftancc ; lb that die 
light which paflcs thro' that gtafs^ is thrown very 
ftrongly upon little images painted in dilute coloun 
on pieces of plane thin glaJs ; which being fixed in ' 
a fltder that moves to and Iro acrofe the arm, arc 
placed at a fmall diftancc behind the plano-convex 
glafs in an inverted pofition, and by means of the 
Tens in the moveable part of the arm, are projected 
in an ereft pofition, on a paper or white cloth placed 
at a proper diftance; if by drawing our the move- 
able part of the arm, the pictures be removed to a 
greater diftancc from the lens, the lantern muft be 
Brought nearer to the cloth, in order to a diftinft 
reprefentation ; becaufe, as the objeift recedes from 
the km, the image approaches, and at the fame 
time the images will be diminilhed. But on the 
other hand, if by thrufting in the arm the piftures 
be brought near the lensy the lantern muft be re- 
moved tarther from the cloth, and in this cafe the 
images will appear larger. 

As convex glafles caufe the rays of light to con- 
verge and unite, fo thofe which are concave make 
them feparate and diverge -, for which reafon, if 
diverging rays fall upon a concave /f«j, they will 
diverge more after they have palled thro' it, than 
they did before -, and fuch rays as converge before 
their incidence, will after their palfage converge 
lefs 1 for inftance, if the rays A B and A C, which 

'diverge from A, pafs thro' the concave lens BC, ■ 
they will not go on in the direftions BD and CE, 
but in fome other direftions as BH and CG, fo as ' 
to widen fafter than before. On the other hand, if 
HB and GC be two rays converging towards K, 
after they have pafled thro' the glals, they will not 
go on towards K, but towards a more diftant point 
as A, fo as to converge more flowly than before. 
All which is fiilly confirmed by experiments. For " 

. a candle being placed before a convex lats^ fo as tti 

hav5 ■ 
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fiave its image projefted on a white paper, placed 
at a due diftance behind the lens, if a concave glafs , 
be placed between the convex and the image, fo a? 
that the rays which are converging towards the 
image may pafs thro' ic, the image will thereby be 
thrown to a greater diftance behind, the rays being 
made to converge more (lowly, and of confequence, 
to meet at a greater diftance than they did before 
the concave was interpofed i and it miift be ob- 
fcrved, that as the image is thrown to a greater 
diftance, it miift for that very reafon be inlarged ; 
and forafmuch as the larger image is compofed of 
the fame number of rays, or rather fewer, fome of 
the rays being refiefted by the concave km, it muft 
on that account appear lels bright and luminous 
than the fmaller. If by the removal of the (onvex- 
lens, the rays which fiow from the candle be fuf- 
fered to fall diverging on the concave, and a white 
paper be placed clofe behind the glafs, there will 
appear thereon a dark circle of fome breadth, occa- 
fioned by the fliadow of the hoop which contains 
the glafs 1 and the circular area contained within the 
Ihadow will be inlighcened by the rays which pals 
thro' the glafs i and becaufe all the rays which fall 
upon the glafs do not pafs thro' it, fome of them 
being reflected, the circular area will appear fome- 
what darker than the other parts of the paper, 
which are expofed to the light of the candle, with- 
out the interpofition of the glafs ; upon removing 
the paper gradually from the glafs, the circular area 
will gradually inlarge, and as that inlarges, the 
ihadow which environs ic will grow narrower, and 
at length vanifli ; and upon the vanifliing of the 
fhadow, if the paper be removed a little farther, 
there will arife a bright circle all around the circu- 
lar area^ which will grow broader, but lefs bright, 
as the paper is more and more removed from the 
glafs ; and at the lame time, the circular area will 
continue to widen, and grow darker. All which 
appear- 
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L I c r. appearances zie the natural and necefiary owfe- 
^ P^^ quences of the tlivergencjr or fpreading of the rays, 
""^^"^occaConed by their paflagc thro' the glaJs ; for the 
£u[her they go from the glafe, the more they muft 
diverge, and bjr fb doing, muft on all ikies fpread 
themU^^lves into the place of the (hadow, and render 
it equally luminous with the reft of the arsa 1 and 
when they have fpread thcmfelves a little beyond 
the limits of the ftiadow, they fall upon fuch parts 
of the paper as were before inlightened, and there, 
by their additional light, exhibit that bright circle 
which furrounds the darker area -, and the bright 
circle, by the farther fpreading of the rays, as the 
paper is more and more removed from die glafs, 
grows broader and lefs luminous ; as does likewife 
the circular area, from the fpreading of the rays 
wherewith it is inlightened. 

Tho' concave glaffes do not colleA the rays oi 
light, and confcquently, have not a real focus i yet 
mafmiich as the rays after they have pafled thro' 
fuch glafles, do flow in fuch a manner as that they 
either tend to fome point behind the gla&, or ap- 
pear to fiow from fome point before it, thofe points 
are ufually called the foci; and in double concaves 
pf equal concavities, the foci tor converging rays are 
found, by laying, as the radius of the glafs's conca- 
vity leflened by the diftance of the point of conver- 
gence from the glafs, is to die raMus,fi> is the dif- 
tance of the point of convergence to the focus. And 
the foci for diverging rays are found, by faying, as 
the fum of the radius and the diftance of the point of 
divergence from the glafs, is to the radius, fo is the 
diftance of the point of divergence to the focus. So r 
that putting F for the focus, R for the radius, and 1 
D for the diftance of the point of convergence, or I 

tlivergence, F = - ; the negative fign being to ' 

be prefixed to D when the rays converge, and the 
nffirmativc when they diverge, 
— Th« tj 
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The demonftration of this Theorem I ihall for ' 

) the prdent omit, on account of its tcdioufnefs and 
! intricacy, and fhall clofe the ledtiire with this ob- J 

j fervation ; that if rays which are converging to- 1 

1 wards a focus be intercepted by a concave lensy whole i 

j diftance from the focus is equal to the radius of its 1 

' concavity, after they have pafied thro' the glafs, ' 

I they will ceafe to converge and become parallel, i 

for R and D being equal, R — D is o ; confe- 
■ quently, F is infinite -, that is, the point to which 

the rays converge, is at an infinite diftance, and 

the rays of coiirte muil be parallel. 
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LECTURE XXII. 
Of Vision. 



MY defign in this lefture, is to explain the L e c t. 
manner of Vision with the naked eye ; and ^ ^*^' . 
fe to Ihew you, what affiftances the fight re- ^"^""-^ 
ceives from glaffes -, and in order thereto, I fliall 
give you a fhort defcription of the eye. 

If a fmall portion be cut off of a globe, and in 
the room thereof a portion of a fmallcr globe, but 
of an equal circular bafe, be fubftituted, the com- 
pound will exhibit the true figure of the eye j for 
it is of a globular form, but more tanvex before 
than in any other part. "It confifts of feveral mem-^ 
branes which lie contiguous one to another, of which 
the ouiermoft is called the tunica adnata or conjunc- 
tiva; it has its rife from that membrane which in- 
vcfts the Ikull, and it covers the whole balljof the 
eye, except the foremoft transparent part ; that 
portion of it whicli is vifible, is called the white of 
the eye. Befides, this membrane, which is not 
reckoned among the proper coats of the eye, there 
are three others, which conftitute the proper coats ; 
the firft of which is called the fcleretica^ it is a tough 
membrane 
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■ membrane derived from the dura maJer-, which 
paffes to the eye from the brain along with rhe op- 
tick nerve, and is thence propagated over the whole 
globe of the eye ; on the fore part it becomes cranf- 
parent Ike thin polilhed horn, which has given 
anatomifts occafion to make two membranes of it, 
PI. t). and to call the tranfparent part cornea i this pare is 
t'lS- i^- reprelenit-d by ABF. 

The fecond membrane, called tunica choroides, ii 
derived from tiie pia mater, and tranfmitted like- 
wife from the brain along with the of tick nerve; 
this is much thinner and tenderer than the former, 
and tinged on the hinder part with a black liquor. 
Tiie fore part is called the uvea, and fometimes the 
iris, from its variety of colours. In its middle is a 
fmall hole called the fight or pupil ; the iris confifts 
of feveral circular concentrick mufcular fibres, 
which are cut acrofs at right angles by other ftr^t 
fibres in the manner of fo many radii -, by the con- 
traftion of the former the pupil is leflened, and Is 
inlarged by the contra^ion of the latter. 

The third coat is ufually called the retina, and 
fometimes the nervous coat, being nothing elfe but 
the optick nerve, which fpreads itielf in the form of 
a membrane over the bottom of the eye, over- 
againft the fight. Thefe coats lying contiguous, 
form a capfula or bag, wherein are contained the 
three humors of the eye, called the aqueous, tlie 
ehryftaUine, and the vitreous. 

At a little diftance behind the pupil is placed the 
chryftalline humor, which is convex on both fides, 
but fomewhat flatter before than behind ; it is fup- 
ported.by fmall mufcular fibres, called the ciliary 
ligaments, which are inferted into the edges of the 
chryftalline humor at one end, and at the other, 
into the tunica chsroides, and being clofely united, 
form a kind of membrane, whereby the cavity of 
the eye is divided into two parts ; in the foremoft 
of which is lodged the aqueous humor, fo called, 
becaufe 
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I* becaufe in confiftence and colour it fomewhat re- Le c 
I, fembles water, being almoft equally limpid and,^™" 
h tranfparent. In the hindmofl: is lodged the vitreous """""^ 
' humor, which has its name from the refemblance it 
is fuppofed to bear to melted glafs. 

It has been generally thought by anatomifts, that 
I the humors of the eye are of different denfities, 
' and that the chryftalUne is much more denfe than 
'[ either of the other two -, but Doftor Robinson has 
informed us in his lefture on the eye, that upon 
weighing thcfe humours, in an hydroftatical ba- 
lance, he found the aqueous and vitreous to be very 
nearly of the fame fpecifick gravity ; and that tlie . 
^ fpecifick gravity of the chiyftaline, did not ex- 
ceed the fpecifick gravity of the others, in a great- 
er proportion than that of eleven to ten ; whence 
, it follows, that the chryftalline is not of fuch great 
ufe in bringing the rays together, and thereby 
forming on the relina the pictures of outward ol>- 
jefts, as it has been commonly thought to be by 
optical writers ; for tho' in Ihape it refembles a dou- 
ble convex lens, and on that account is fitted to make 
the rays converge, yet forafmuch as it is fituated 
between two humors, which are nearly of the 
fame denfity with itfelf, it can have but little force 
on the particles of light ; for they are found by ex- 
perience, to be refrafted very little in palling out 
of one medium into another, when the difterence in 
the denfities of the mediums is but fmall. 

Behind all the coats and humors is fituated the 
cptick nerve, which pafies out of the Ikull thro' a. 
fmall hole in the bottom of the orbit which contains 
the eye. O reprefents the oplick nerve, SS tlie fck- pi. g, 
rotica or outermoft coat, whofe foremoft tranlpa- Fig- i- 
rent part ABF, is the cornea, CC is the choroides, 
the fore part whereof AP, and FP conftitures the 
uvea or iris, with the pupil PP in the middle; RR 
is the relina, AD and FE the ciliary ligaments, DE 

the 
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■ the cbi-yJlaUine burner^ VV the vitrtom iumor, and 
WW the walry burner. 

Underneath the white of the eye are infeited in- 
to the fderotica fix mnfcles, which take their rife 
from different parts of the orbit, and are diftln- 
guifhed by different names, taken from the diffe- 
rent moti. >ns wliich tliey give the eye -, their ten- 
dons fpread themielves over the fderottcd^ fo as to 
terminate in the confines of the cornea i by which 
means, when the fix mufcles ail together, they prds 
the fides of the eye towards each other, whereby the 
€ye is lengthened, and at the fame time the con- 
vexity of the cornea is increafed -, both which cffefts 
are in fome cafes abfoKitely necefliry in order to 
djftin^ vifion, as will appear prefcntly. 

Having given this fliort account of the confti- 
tuent parts of the eye, 1 now proceed to lay beiore 
you, the manner of vifion. If an objeft as AB, be 
placed at a convenient diflrance before the eye, the 
rays which flow from the fevcral points of the ob- 
ject, and falling on the cornea pafs thro' the pupil, 
will be brought together by the refraftive power of 
the eye on fo many correfponding points of the 
retina, and there paint the image or rcprelentation 
of the objeift, in the fame manner as the images of 1 
objefts placed before a convex lens are exhibited oa 
white paper, placed at a proper dirtance behind, 
PI- 9. Thus the rays which flow from the point A, are 
^•6' '3- united on the retina at C, and thofe which iffuc 
from B, are collefted at D ■, and in like manner, 
the rays which proceed from the intermediate 
points of the objeft, are again united at fo many 
intermediate points on the retina. On this union oif 
the rays at the bottom of the eye, depends diftinft 
PI. 9. vifion, for (hould they be united before they arrive 
^jg- H- at the retina, or fhould tiie point of their union lie 
Fie'i*' b^*'"'^ ^^^ retina, it is evident, that the rays from 
each point rauft take up Ibmc fpace on the retina^ 
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Iof confequence, thofc which flow from conti- L e c t- 
is points of the objedt will be mixed and blend- ^^'^ 
jgether on the fund of the eye, fo as to exhi- 
1 confuied reprefentation of the object. 
ow forafmuch as the rays whicb fall upon the 
[from radiating points, whofe diftances from the 
I M-e different, have different degrees of diver- 
Ice, the divergency of the rays increafing as rhe 
fcance of the radiating point leflens, and leflen- 
t as that increafes -, and whereas thofe rays which 
fe greater degrees of divergence, require a ftrong- 
(refraftive power to bring them together at a 
ten diftance, than what is requiGte to make thole 
Set which diverge lefs, it is manifell, that in or- 
r to fee objefts diftinftly at different diftances, 
: eye muft have a power of increafing and leflen- 
g its refractive force, and thereby of adapting it- 
F to the different diftances of objefts ; and this 
does by means of the fix mufcles which are in- 
fted into the fckrotka ; for when a radiating point 
iiplaced fo near, as that the rays which ifTue from 
fall upon the eye with a conflderable degree of 
vergence, the mufcles aft ftrongly on the eye, 
liereby the cornea Is rendered more convex, and 
"confequence refrafts the rays with greater force ; 
sfides by the lengdicning of the eye from the joint 
Hon of the mufcles, the retina is removed to a 
teater diftance from the cornea., by which contrlv- 
ice, the rays are made to convene at tlie retina^ 
itwithftanding the great degree of divergence 
herewith they enter the eye. As the radiating 
kint recedes from the eye, and the divergency of 
ic rays of courie grow lefs, the mufcles relax 
lemfelves in order to lefien the convexity of the 
'ea, and to fhorten the eye, a lefs convexity of the 
'mea, as 4lfo a lefs diftance between the cornea and 
'tina, being requifite to diftinft vifion in greater dif- 
.ccs of the objeft than in fmaller. 

Tho' 
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Tho' moll mens eyes are fo framed as to be ablV 
to fee diftinftly at different diftances, yet fomc there 
arc which are defeiftive in this point, as being unable 
to fee any thing diltinftly but when placed very 
near ; and this is the cafe of their eyes who are 
called myopes-, purblind, or ftiort-fighted ; in fuch 
the cornea is too convex in proportion to the length 
of the eye i for which reaion, all thofe rays which 
iffue from diftant points, and of confequence diverge 
but little when ihcy enter the eye, are made to con- 
vene before they reach the retina. As thefe meo 
advance in years, their eyes like thofe of other old 
men, for want of a due fupply of humors, abate 
of their convexity and grow flatter ; upon which. 
account they begin to fee objeifts diftiniftly at a dif- 
tance, without the help of Ipeftacles, and are foF 
that rcafon deemed to have the moft Jafting eyes. 

By the help of concave glafles, purblind perfwi? 
may fee dillant objeifts diftinftty i for as it is th* 
j)roperty of fuch glafles to make the rays diverge 
if the rays which flow from a diftant point, and lali 
upon the eye with a fniall degree of divergence, be 
made to pafs thro' a concave kfis of a proper con- 
cavity, they will thereby be made to diverge fo 
much, as that the eye, notwithllanding the great 
convexity of the cornea., ftiall not be able to bring 
them together till they arrive at the retina. 

If CD be a concave lens, and if B be the focus of 
the rays which flow from the point A ; that is, if 
the rays whicli diverge from A, pafs thro' the glafi, 
and by the refraftion v/hich they fuffer in their paf-' 
fage, proceed in fuch a manner as if they had di-; 
verged from B ; and if the diftance at which a 
purblind pcrfon fees diftinftly wich his naked eye, 
be equal to the diftance of B from the giafs, fudi 
a peribn will by the help of the glafs CD, be able to 
fee the point A diftinftly ; becaufe the rays which 
flow from A, after they pafs tliro' the glafs, fall 

upon 
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upon his eye with the fame deeree of divergence, L e c t, 
as if they had ilTued from B, the point of diftinift ^'^* 
viiion. Hence it follows, that if in the Theorem laid 
<iown in my laft leftiire, for finding the focus of 
double concaves expofed to diverging rays, namely 

F — ^ — rr, wherein F denotes the focus, D the 

'. diltance of the point of divergence, and R the ra- 
dius of the concavity, we fuppofc F to deoote the 
diltance at which the purblind perfon fees diftinftly 

Vithout a glafs, and D the diftance at which he fees 
diftinifUy by the help of the giafs, by clearing R 

FD 
wefhall haye R =: jTr—— r; that is to fay, the 

radius of the concavity of a double concave of 
equal concavitie.-,, which enables a purblind perfon 
to fee an objeift diftiniftly, when placed beyond the 
reach of his naked eye, muft be equal to a rectangle, 
under the diftance at which he fees diftinftiy with 
his naked eye, and the diftance at which it is re- 
, quired he ftiould fee diftiniftty by the help of the 
"glafs, divided by the difference of thoie diftances. 
For inftancc, if a perfon with his naked eye can 
"wad at the diftance of three inches only, and it be 
required to find the radius of fuch z. glafs as ftiall 
^enable him to read at the ufual diftance of eighteen 
■ inches ; in this cafe, F being equal to three inches, 
and D to eighteen, their produft is 54.; which be- 
ing divided by their difference, which is 15, gives 
Ithree and \ in the quotient, which ihews, that 
,thc radius of the glafs muft be tliree inches and 
"ths nearly. 

Where the diftance at which it is required the 
purblind perfon fliali fee diftinftly is infinite, or in 
^other words, where it is fo great, as that the diftance 
to which the power of his naked eye reaches, bears no 
^fenfible proportion to it, there D — F becomes equal 
ya D, and of courfc, R becomes equal to F j fo 
Y that 
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L E c T. tliat in order to fee fuch objefts as are verjr remoter^ 
^^J^JJ: purblind perlons muft make ufe of concave glaflcs, 
^■"•^^"^ whofc radii are equal \fi the dillances at whidi they 
. fee diftinftly with their unarmed eyes. 

As purblind perfons cannot fee remote objefts 
diftinifcly, fo on the other hand, thofe who are old 
cannot, generally Ipeaking, fee fuch as arc nigh^ 
the reafon of which is, that in old men the cornea^ 
for v/ant of a due fupply of humor to jplump out 
the eye, has not a degree of convexity iufficient to 
bring the rays together on the retina^ when they 
fall iij:on the eye with a conflderable degree of di- 
vtTgence ; as is the cafe of all thofe rays wluch flow 
from points fituated near the eye. The proper re- 
medy for this dcfeft is a convex lenSj becaufe it Icf* 
fens the divergency of the rays, and brings them 
nearer to a parallelifm* If with rdpeft to the 
PI 10. convex lens CD, A be the focus of the rays which 
^^' ^* diverge from B; that is to fay, if the rays which 
.flow trom B and pafs thro* the lens^ do afterwards 
proceed in fuch a manner as if they had diverged 
from A, and if the didance at which an old#naa 
xM\ fee dirdnftly with his naked eye, be equal to 
rhe diJlance of A from the glafs, he will be able by 
the afliilance of the glafs, to fee the nearer point B 
dilliiiftly ; becaufe the rays which iflue from that 
point in paffing thro' the glafs acquire the fame de- 
gree of divergence, with thofe which flow from A, 
the poinr of dilLincl vifion, and of confequence, 
may a-i eafily be brought together on the retina^ by 
tiie rcfraf live power of the eye ; hence, if we take 
the 'Theoyem laid down in my laft lefture for find- 
ing x\\^foci of double co7ivey,€s oi c(\^d\ convexities, 
and fit it to the cafe before Ui^, where the focus is 

RD 
imaginary, by making F z: ^^^j , if - then wc 

fuppofe F to denote the diftance at which an old ejx 
fees diftinftlyi and D the nearer diftaiicc at which it 
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required to make it fee diftinftly wich the afTift- L e c r. 
ice of a glafs, by clearing R, we Ihall find it. ^j ^" ' 

qxul to r. — Yi' ^° ^^^^ ^^^ radius of fuch a doUr 
le convex of equal convexities as enables an old 

lap to fee a nigh objtift diftinflly, miifl: be equal 

I a reftangle under the diftance at which he fees 

iftinftly with his naked eye, and the diftance at 

ilich he is to fee by the help of the glafs, divided 

T the difference of thofe diftances. To i!!iiftrr.ie 

is by an example ; liippofe an old man cannot 

ith his naked eye read at a lefs diilance than of 

iir feet, and it is required to aOign the radius of 

leftacles which (hall enable him to read at the diC- 

(ice of a foot and an half; in this cafe, F i? four 

St, and D is one and an half, and their product is 

[, which when divided by their diiterence, to wit, 

'o and an half, gives 1-^ in the quotient! which 

ews, that the fpedacles muft be ground to a r«- 

Ifeu of two feet and four tenths. 

P If F be infinite, which is the cafe where the eye 

Kin fee nothing but what is extremely remote, then 

V — D is equal to F, and of confequence, R is equal 

to D ; fo that where an old man can fee no obie<:"ts 

diftinftly but fuch as are very far off, in order to fee 

diftinftly at nearer diftances, he muft for each 

diftance ufe fuch Jpectacle glafles as have their radii 

equal to the diftance. 

p 
If D be given, then R becomes equal to fr^;— -, 

MS forafmuch as the proportion of F to F — i in- 
Keaie as F leffens, R muft do fo too, which flicws, 
that where the diftances at which two old eyes when 
unarmed can fee diftinftly are different, in order to 
make them fee diftiniftly at any lefTcr given diftance, 
the eye which can fee at the fmaller diftance muft 
be furnifhed with a glafs of a greater radius than 
.the other. And herein lies the whole fccret of 
l^ttinger and older fpeftactes, thofe being deemed 
#• y 2 the 
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I. li c T. the yoiingcfl;, which are grouod to the- 

Having fhewn you of what life both convex 
concave glalTes arc in afHIling defciftivc eyes, 1 Iha 
now lay before you the alterations which they pn 
duce in the appearances of obiefts ; and Firft, a' 
to (oni-exes ; it an objetft be viewed thro' a cowun 
ienf, at a lefs diftance than the focus, h appears more 
remote and bigger than it does to the naked eye. 
That it iniift appear more remote, will be evident, 
if we confider what has been already proved in a 
former leifture, namely, that wiicre rays fall upon 
a ciiiZ'cx UiiSt from a point lefs diftant than the focus, 
it'tcr they have paflcd the glafs, they proceed in fuch 
a nuiincr as if they had IfTued from a more diftant 
point 1 and fmce this is die cafe of the rays which 
tlow from each point in the objei5t, the obje^ muft 
of confeqtience feem to be more diftant tlian it is j 
PI. 10. and it muil likewiJe appear greater*, for if AB be 
'^' ^' an object cxpoled to a naked eye at O, its extream 
points A and B will be perceived by the eve by 
means of tlie rays AO and BO, wiiich flow diredljf 
front tliofe points to tlie eye, but if a convex lens as 
C, be incerpofed, the eye will no longer perceive 
the cxti-emities by means of the rays AO and BO, 
becHufc as they are refracted by the lens, they are 
made to concur before they can reach the eyej the 
eye therefore muft now perceive thofe points by 
means of fome other rays as AF. and BD, which 
falling upon the glafs at a greater diftance from each 
ochcr, are hy the refractive power of the glafs 
■ thrown into the direftions EO and DO, and made 
to concur at O ; fo that continuing thofe lines di- 
rectly backward as far as the objetft, to wir, to I and 
H, the eye at O wUl perceive the extream points 
of the objeft as fituated at I and H ; that is, it v\dli 
perceive the objeift magnified. And if.-thc eye be 
farther removed from the glafs iup]>ofe to P, the 
objei-T: will appear ftill gr^jatcr, its cxtreniiLics in 
" ' . that 
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liat cafe a[ipeanng at L, and K in the lines PG and L ^ ^ r. 
*F produced. And on the other hand, if the eve '^^'^ 'j 
Lontimiing in its place, the objcfL be tarthcr rcinov- pi. lo. 
id tVom the hns^ it will appear larger; for wliereas I'ig. 5. 
ift the nearer diftance the eye perceives the extrcam 
points of the objeft by means of the rays AE and 
BD, which fall upon the lens at E and D, and arc 
thence refraifted to O -, when the object is at the 
greater diftance, its extremities cannot be feen by 
■means of the rays incident on the gkfs at K and D ; 
>for fince the interval between the extFCmiiies conti- 
liues the fame, the rays which flow from them and 
•fall upon the kns at F. and D, will diverge lefs at a 
greater diftance of the otgeft than at a fmaller -, 
tcmfeqnently, they will concur before they reach 
the eye ; and therefore in this cafe the extrcam 
J)oints of the obieft muft be conveyed to the eye by 
fome rays as aG and bP, which diverging niore 
than the former, fait without them at G and F, 
Whence they are refracled to the eye at O, in the 
lines GO and FO, which being continued back- 
ward as far as the nearer diftance of the objeft, to 
wit, to L and K, ihew that the objeft which at the 
nearer diftance appeared to extend itfeif only from 
I to H, does at the greater diftance feem to reach 
from L to K, and of confequence, appears more 
magnified. 

■ If the objeft be removed beyond the focus, it 
will appear ftill greater ■, but whereas before it pafles 
the focus it aispears diftinft, as alfo more and more 
diftant the farther it is removed from the glafs, 
when it gets beyond the focm it appears confufcd, 
and the farther it is removed from the glafs, the 
more cofifufed it appears, and the nearer it feems to 
jipproach the eye, provided its diftance from the 
glafs be notfo great as to make it projeft its image 
between the eye and the glaft. 
• This feeming approach of the objeft at a time 
when it re?Jly recedes, and ip a cafe where, accord- 
Y 3 ing 
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L E c T. ing to the received principles of Diepirukiy it oui_ 
t ^ ]} ^ to appear at a diilaiice, if pofiible more than infi- 
nite, has very much puzzled the writers of Opticks^ 
and was looked upon as an infuperable difficulty, 
till Doftor Berkeley took it into confideration 
in his Efftiy upon P'ifion, wherein, among other dif- 
ficulties which he has cleared up relating to vifion, 
he has given \\s a natural and faiisfaiftory accouijl 
of this. The fubftance of what he has there deliver* 
fd concerning this matter is, that by cuftom and ex- 
perience we are taught to judge thofe objefts nca^ 
which appear cuniulcd, becaulc, according to thq 
ordinary courfe of nature, thofe objeds, and thofe 
only, appear confufcd which arc brought very neat 
the eye, and therefore if an objeft fliall at any 
time appear confufed, tho' from another caufe, tl^ 
mind will immediately conncft nearnefs of dillancc 
in the objeift, with that confufion in the appearance, 
as having always esjiericnced them to go togeiheri 
and the greater the confufion is, the nearer it will 
judge the objefl: to be, becaufe it has always ob- 
iervcd the neareft dillances to be attended with the 
grcateft confufions; now if in the cafe before us* 
PI. JO. we fuppofe A to be an objeift placed before ths 
Pjg- 6- convex km BC, at a greater diftance than the /otaj, 
the rays after they have paffed thro' the gla£ will 
converge towards fome point as D ; if then an eye 
be placed at a little diftance behind the glafc, fup 
poie at E, it will perceive the objeift confufcd, be- 
caufe as the rays fail upon it converging, they will 
be made to meet before they arrive at the fund of 
the eye, and confequcntly, wiD be fcattercd on th« 
retina, and thereby render the appearance confufcd \ 
M the eye be moved gradually backward to F, G, 
And D, or which is the fame thing, if by carrying 
the objcft forward, the rays be made to fall upon 
Chc eye at lefs and lefs diftEnccs from the focus, they 
will be fcatrered more and more upon the reltne, be*: 
caqfc the convergcncy wherewith they fail upon the 

eye 
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«yc is by lb much the greater, by how much the L e fc t, 
ccarer the ey; is placed to the fscm or the point D ; ,_Ji^ 
conlequently, the objc(?t as it is more gnd more re- 
inoved from the glals, will appear more and more 
fonfufed; for which rcalbn, the mind whicij has 
been ufcd to conned nearer diftances wit!) greater 
degrees of confufion, will in this cafe judge the ob^ 
jeft to approach, tho' in reality it recedes ; and what 
fully confirms this is, that if by placing a concave 
glafs at a proper diftance between the eye and the 
convex, the convergency of the rays be taken off, 
anti the appearance thereby rendered diftiniS, the 
objeift wilt then appear at its due diftancc. 

If an eye be removed from a convex Uh^ beyond 
?he place where the image is projected, that is, if 
the eye be farther from tlie /i?if than is the point D, ^!' '°' 
ihe objciSt will appear in an inverted pofition, '^" ' 
ind fcem to be fiiuated between the eye and the 
elafs 1 for in this cafc, the eye fees only the image 
or feprcfentation of the objeift, which, as I fliew- 
fd in a former lecture, is projeftcd at D in an in- 
verted pofition 1 upon looking at the image with 
both eyes, it appears double, and upon fljutting ei- 
ther eye, the image on the contrary lide difippears j 
the reafon of which is this, the eye at O pcTceivei 
the image by means of the rays O D C, ^nd there- 
fore fees it on tlje fame fide with C, wiiereas thi^ 
eye at P perceives it by means of the" rays PDB', 
and on that account lees it on the fame fide with B -, 
as the head is moved farther back, the diftance be- 
tween the two images muft decrcafe, and at length 
vanilh ; for fince the jnteryal between the eyes con- 
tinues unvaried, the rays which exhibit the image 
to each eye, will diverge lefs and lefs as the head 
•is more and more removed from D, as is evider-t 
from the bare inlpeftion of the fcheme ; confe- 
ijuently, the diftance between the two images muft 
continually decreafe, and at laft become To fmall a^ 
{0 Ijc infenfible. 

^^^ ■ y 4- As 
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As to concave glafles, fince it is their property 
to make the rays which flow from any pcHnt 
to diverge, in fuch a manner as if they had iffucd 
from a point let diftant, it is evident, that an ob- 
jed feen thro' a csncave lens myft appear nearer than 
it really is, and it tnufl likewife appear diminilhedj 
PI- 10- for the extrcam points of the objeft AB, are fcen 
*''S- 7- by the naked eye by means of the raj-^ AO and 
BO, which when i\\e concave kns CD is interpofed, 
are made to diverge, fo as not to meet at O, con- 
fequently, upon the interpofuion of the glals, the 
eye will not perceive the extremities of the objeft by 
thole rays, but by fome others as AK and BL, 
which falling within the former, are by the refrac- 
tive power of (he giafs made to proceed in the 
lines KO and LO, To as to meet at O ; wherefore 
continuing OK and OL backward to the objcft, 
the extremities of the objeft will bp fcen at E and 
F, that is, the objeft will appear to be lefs than it 
really is ; and by the fpreading of the rays in their 
paiTage thro' the glafs, fome of them arc made to 
efcape the eye, ij/hich if the glafs were removed, 
would fall upon the pupil; for which reafon, the 
pbjcfft muft appear lefs luminous ; fo that the pro? 

fieny of concave glaftcs b to make olyefts appear 
tnaUer, nearer, and more faint and obfcure, thai^ 
they do to the naked eye. 



X. E c T u R E xxm. 

■ Of Catoptricks. 

L I c T. TN this Icfture, wherewith I Ihall clofe this courfc, 

J^^^f^ X I fhall expl^n to you the Dsarine ef Catop- 

' "'^^ TRicKSj, or that part of Opticks which treats of the 

reflexion 
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reflexion of light ; in doing of which, I fliall firfl; I. e c t. 
lay fpnaething concerning the caufe of that reflexi- ^J"'^- 
on ; Secondly, I fhall lay down two principles, 
which are the chief foundation of Catof tricks ; and 
laftly, I fliall lay before yoii the moft remarkable 
I properties of plain and fpherical mirrors. 
|] As to the firit, before Sir Isaac Newtom pub- 
lifhed thofe wonderful and fiirprifing difcoveries 
{ which he made, concerning the nature and proper-r 
I ties of light, it was an opinion generally received 
, by the writers of Oplkks, that the rays of Hghc 
I were reflefted in rhe manner of other bodies, by 
f ftrlking on thp folid and impervious parts of bodies ; 
^ but that great Philofopher has fully proved this opi- 
■ nion to be erroneous ; and has fhewn, that the par- 
l tides of light are turned back before they touch the 
[ refledling body, by fome power of the body which 
, is equally diffufed all over its furface 1 what he has 
delivered concerning this matter, is to be met with 
in tlie eiglith Propofition of the fecond Book of his 
Oplicksy wherein, after he has offered feveral reafong 
to prove, that light is not refiefted by ftrlking a- 
g^nft bodies, he at laftexprefies himfelf in the fol- 
lowing manner ; " Were the rays of light reflefbed 
1 " by impinging on the folid parts of bodies, their re- 
" flexions from polilhed bodies could not be lb re- 
, " gular as they are ; for in polllhing glafs with fand, 
^' puttj', or tripoly, it is not to be imagined, that 
I " thofe fubftances can, by grating and fretting the 
' '" glafs, bring all its leaft particles to an accurate po- 
I ** fi(h, fo that ail their furfaces ftiall be truly plain, 
, " or truly fpherical, and look all the fame way, fo 
[ ^* as together to compofe one even furface. The 
*' fmaller the particles of thofe fubftances are, the 
1. *' fmaller will be the fcratches by which they con- 
** tinually fret and wear away the glafs until it-be 
" polifhed; but be they never fofmali, they can wear 
t< away the gl.ifs no otherwife than by grating and 
% " fcwtching 
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" fcratching it, and breaking the protuberincesv 
^ *' and theretbre polifh it no otherwife ihan by bring- 
" ing Its roughncfs to a very fine grain -, {a that the 
*' fcratches and frettings of the furface become tOQ 
** fmall to be vifible. And therefore, if light were 
*' refleftcd by impinging on die folid parts of the 
" glafs, it would be fcatteredas much by the moft 
" poli(hed gkfs, as by the roiigheft. So then it re- 
'* mains a Problem, how glafs polilhed by fretdog 
" fubftances can rcfleft light fo regularly as it does ^ . 
* and this Prahlem is fcarce otherwife to be folved, 
" than by fiiying, that the reflexion of a ray is effeft- 
*' ed, not by a Tingle point of the refleifting body, 
•• but by fome power of the body, which is evenly 
** diffufed all over its furface, and by which it afts 
*' upon the ray without immediate contact." 

Now taking it for granted, that this repelling 
power is the true cau(e of reflexion, if Jt be fup- 
pofed to aft upon the rays of light in lines perpen- 
dicular to the fvirfare of the refleifting body j it 
will thence follow, that the angle of incidence, or 
the angle contained between the incident ray, and d, 
Tine drawn perpendicular to the reflecting furface at 
the point of incidence, is equal to the angle of re- 
flexion, or the angle contained between the fame 
perpendicular and the refleifted ray. For if wc fupt 
pofe a ray of light to move in the direftlon AC, 
towacds the reflefting furface BCDj andif wefup* 
pofe that motion to be refolved into two, one in the , 
direftion AE, parallel to BD, and the other in the 
direiftion AB, perpendicular to BD, it is manifcft, 
that of thofe two motions, the latter only is oppo- 
fed to the repelling force ; and of confequence, the 
ray after reflexion, will go on in the parallel direftir 
on, with the fame velocity it did before -, and for- 
afmuch as the repelling force which oppofes the pert 
pendicular motion, a£ts inceiTantly, it no fooncr dcr 
ftroys the motion of the r;iy towards tlie body, bqf 
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it gives it an equal degree of motion the contrary L b c r. 
way 1 that is, it throws it back with the fame per- ^ ^' 
pendicular vtltJCity wherewith it approached. If 
therefore EG be taken equal to AE, and from G 
be let fall GD equal and parallel to AB, EG will 
exprefs the parallel motion of the ray after reflexi- 
on, and DG its perpendicular motion; and the 
diagonal line CG, will be aftually defcribed by the 
ray, by virtue of its compound motion -, and from 
the nature of fmiilar triangles, the angle of inci- 
dence ACE, muft be equal to ECG, the angle of 
reflexion ; and this is tlie firfl: of thofe printiples 
whereon the doiflrine of Catoptricks is founded. The 
fecond is, that every radiant point when feen by re- 
flexion, appears in that place where the reflefted 
ray meets the perpendicular, drawn from the radiant 
point to the reflecting furface -, for inftance, if from PI. lo, 
a radiant point as R, placed before the plain fpecu- ^*&-\ 
lum AE, be let fall the line REM, perpendicular 
to the plane of the fpeailum ; and if RC and CD 
be fo drawn, as that the former may denote the inci- 
dent ray, and the latter the reflefted ; and if DC be 
continued on, till it meets the perpendicular REM; 
an eye at D will perceive the radiant point, as 
placed at M, the point of interfeftion of the refleft- 
cd ray, and the perpendicular; and thus it is in all 
cafes of reflexion, except two, wherein this prin- 
ciple feems to fail ; one whereof relates to plain 
glafs fpeculunti, and the other to concave fpherical 
mirrors ; the latter has been obfcrved by Tacjijet, 
Doftor Barrow, and others ; but the former has 
not been mentioned by any one of the oplick writers 
that I know of; I Ihall take notice of each in its 
proper place, and proceed now to confider the chief 
properties of mirrors, and firfl, of fuch as are 
plain. 

When an objeft is feen by reflexion from a plain 
JpeculuKi, its image appears as far behind the fpecu- 
fupijf as the objeft is before ; tor the proof gf which» 

let 
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L 1 c T. let R be an objecl placed before the plain fpeculum 
.^^"['_. A B, and let it be leen by reflexion froin the point 

PI_ ,o_ C, by an eje fuuated fomewhcre in the line CD, 

Kig. 9, then producing CD, till it meets the perpendicular 
REM, the image will, by the fccond principle, 
appear at M ; now the- angles of incidence and re- 
flexion being equal, their complements are fo too, 
that is to fiy, the angle RCE is equal to DCB or 
MCEi fo that in the two right-angled triangles, 
(he angles at C being equai, and the fide EC 
common to both, the trian»Ies muft be equal; 
and the fide ME, that is, the diftance 6f the 
image behind the fpcculum muft be equal to R E, 
the diftance of the objeft before the fpeculum ; and 
the fame thing is in like manner demonftrablc, 
rho' the point of reflexion be taken different from 
C i for the refieiftcd ray will comtantly meet the 
perpendicular in the point M -, whence it follows; 
chat however the fimation of the eye with refpeft 
TO the mirror may be changed, yet if the objeft 
and mirror remain unmoved, the image will al- 
ways appear in the fam.e place; it likewife fol- 
lows, th;it there cannot appear more than one 
image of one and the fame objeft \ but then this 
is to be underftood with refpeft to filch mirrors, as 
being opaque, have But one reOefting furface ; for 
in looking-glaffcs, which by reafon of their tranf- 
parency, nave a double reflexion in fome certain 
pofitions of the eye and objeft, feveral images 
fi. to. may be feen. Thus if AB be a looking-glafs, R 
Fig. 10. the flame of a candle, placed at a fmall diftance 

■^^' '* before AH, the plane of the glafs produced, an 
eye being placed at Qj (hall fee fcveral im^es 
ftanding at iinall diftances one beyond another, ir| 
the fame pofition with the letters, C, D, E, F, 
whereof the firft and fecond appear bright and \\x- 
minous, and the reft but faint and obfcure ; for the 
fcveral images taken in their order from the fecond, 
grow more and mote dark and obfcure, till at length 

they 
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rtlrey become too weak and feeble to affcft the fight, L t,c *■ 
and of ccnfcquence vanifh. ^_ _ ^Jf] ' 

In order to account for this muhiplJclty of 

I images, let ABCD be alooking-glafs, whofenear- PI- 10. 

I eft furface, or that which lies next the eye is AB, Fig- '»■ 

i! and its farther or filvered furface is DC, R the 

place of the candle, and Q_ the place of the eye, ,j 

' . RS a line drawn from the candle perpendicular to 
AO and DY the two furfaces 01 the glafs pro- 
duced ; the angle REA being made equal to QEB, 
and the line QE being produced till it cuts the per- 
pendicular RS in T, the eye ihall fee the firft image 
at T, by means of the reflexion from the outward 
furface AB, the ray RE being refiefted to the eye 
from the point E. Let a fecond ray as RG, pafs . 

into the glafs at G, and being refracted to the point 
H of the farther furface, let it thence be reflefted 

[■ to K, and there palTing out of the glafs, let it by 
refrafliion be carried to tlie eye ; let then Q_K be pro- 
duced, and the eye (hall fee a fecond image fituated 
in that line, and that at a little diftance beyond the 
perpendicular RS ; for if the rays fuffered no re- 
fraAion in pafling in and out of the glafs, the fe- 
cond image would not be feen by means of the ray 
RG, but by means of the ray RH, which pafling 
tiireclly from R to H, is thence refiedled directly 
to Qj and being produced till it cuts the perpen- 
dicular in X, would exhibit the fecond image at 
X i but foiafmuch as the place of the image is 
changed by the refraftion, and brought nearer to 
the glafs, if we fuppofe the line QX to be moved 
upward about the point Qj till it coincides with the 
line QV, in which the fecond image really appears, 
the point X muft neceflarily fall beyond the perpen- 
dicular, and ib of confequence, muft the place of the 
image. Let now a third ray as RF, pafs into the 

fjlafs at F, and be refrafted to L, and from thence 
« it be refleiited to E, and from E to M, and from 

' M tQ 
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■ M to N, where let it go out, and be refraftcd to 
the eye at Q^i then producing QN to W, a third 
image will appear in that line (bmewhere beyond 
the perpendicular; for were there no refraftion, 
the ray which after three reflexions exhibits the 
third image, would when produced cut the perpen- 
dicular in the point S ; and therefore, fince the line- 
QS is raifcd up by the refraftion, and made to co- 
incide with the line QW, the point S, that is, the 
place of the third image, muft fall beyond tke 
perpendicular. 

As a third image is fcen by means of three re- 
flexions, fo is a fourth by five reflexions, a fifth by 
feven, a fixth by nine, and fo on, according to the 
progrefs of the odd numbers, every fucceeding 
image being feen by two reflexions more than the 
preceding ; and this is the true realon why, letting 
afide the firft and fccond, which being feen each by 
one fingle reflexion, appear almoft equally bright, 
every fucceeding image appears more dim and faint 
than the fbregomg, the rays of light being render- 
ed more weak and feeble by reflexion. 
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If two plane fpeculums as A B and CD, be let pa- 
rallel to one another, and an objed be placed any 
whet« between them as at E, the rays of light 
which iflue from the objeft and fall upon each i^- 
(ulum^ will be reflefted backward and forward from 
One to the other a great number of times -, by which 
means, there will appear in each Jpeculum a great 
^number of images fituatcd one behind anotli^r, in 
a right line perpendicular to the fpeculums, and 
pai&ng thro* the objed at £ ^ ia order }p determine 
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L E e T- the diftances of the fevcral images from the fpetu- 
^^ L- ^""^' '^ ^^' ^^ (liftance of the objeft from the 

"^ ^ fpeciitum AB» be denoted by X, and let ZY, the 
interval of the glafies, be denoted by D j and let 
us firft confider the reflexion which begins from the 
fpeculum AB; if YF be taken equal to X, then K 
will be the place of the firft image ; and forafmuch 
as the image at F may be looked up6n as an objeft 
placed before the fpeculum CD, if ZM be taken 
equal to F Z, that is, to D + X, there will appear 
an image at M-, which being confidercd as an ob- 
jeft with refpeft to the other fpeculum AB, and 
YH being taken equal to MY, or 2D 4- X, another 
image will be feen at H ; and for the fame reafon, 
if ZO be taken equal to HZ, or 3D + X, there 
will another image appear at O, and fo on ; again,^ 
if we confider the relkxioii which begins from the 
fpeculum CD, by taking ZL. equal to EZ, or D — X^ 
we fhall have L for the place of an image in the 
fpeculum CD; and by making YG equal to L.Y, 
or 2D — X, we Ihall Iiave the place of another 
image in die fpeculum A B ; and again, by taking 
ZN equal to GZ, or 3D — X, we fhall have the 
place of another image in the fpeculsm CD, and fo 
on. From this manner of determining the places 
of feveral images, it is evident, that if D, which 
llands for the diftance of the glafles, be multiplied 
into each of the even numbers taken in their order, 
and if X, whicli denotes the diftance of the objedl 
from AB, be fubdufbed from each produft, and 
likewife added- to each, the differences, and the 
fums taken in their order, will exprcfs the diftances 
of the feveral images from the fpeculum A B, the 
diftance of the firft being X ; that is to fay, the 
diftance of the fecond image will be 2D — X, of 
the third zD+X, of the tourth 4D — X, of the 
fifth 4D + X, and fo on, according to the firft 
Table. 
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Table I. , 
; fe^feral images from the fpeculum 
AB. 

I = X 

a. = 2D — X 

3 = 2D + X 

4 = 4D — X 

5 = 4D + X 

6 = 6D— X 
6D+X 



8 = 8D- 



X 



• If t> be multiplied into cacii of the odd numbers 
'^ken in their order, and if X be deduced from 
•each prodlKft, and likewife added to each as be- 
■rfbtc, the differences and the fums taken in their 
''order, will exprefs the diltances of the feveral im- 
from they^sra/am CD, as in the fecond Table. 

Table II. 

Tie idi^ances of ih feveral images from the fpeculum 
CD. 

1 =: D— X 

2 = n + x 

3 = 3D-X 

4 = 3D + X 

5 = 5D-X 

6 = 5D + X 

7 = 7D-X 

8 = 7D + X 
&c. 

If by moving the objeft nearer to AB, X be- 
l.comes lefs, then all thofe images whole diftances 
are exprefled by thofe fymbols wherein X is affir- 
Lfnative, will come nearer to the fpectdumi, vhiKt ' 
Ixhoft whofe diftances are exprelTed by lymbols 
2 wherein 
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L E c T. wherein X is negative, move fanher ofF; thus _.^ 
XMll. xh(^ Jpeciihiin AB, the firft, third, fifth, kvmb^ 
andJo-on, will approach, and the fecond, fotHth, 
fixih, eighth, and lb on, will recede ; fo that ibe fe- 
veral images, beginning from the firft, will ap- 
proach ana recede alternately ; and on the other 

Exp. a. hand, tiiofe in the fpsculum CD will recede and ap- 
proach alternately, beginning from the firft; hence, 
if a man puts his liand between tlte two fpecvkm^ 
and moves his palm towards one of them, aper- 
fon looking into tlie other, diall fee feveral pairs of 
hands, palm to palm, approaching each other. 

pi. lo. If two plane fpeculmns as AC and BC, be 

*'g- t^- clined to one another, io as to meet in an acuB 
^' angle at C ; and if an objcft be placed any wiieit 
between them, fuppofe at F, an eye looking inw 
- either, ftiall fee fcveral images ftanding in the cit' 
cumference of a circle, whole center is at C the con- 
couifc of the fpeculums., and its radius equal to CF 
the dillance of the objetl from the concourfejfof 
if from F be drawn FD perpendicular to thej^w*- 
lum CA, and KD be made equal to FK, D wiH 
. be the place of an image in the fpeculum CJi ; 
if from D be drawn DE perpendicular to the _/J* 
iu!um CB, and produced till HE is equal to DH, 
E will be the place of an image in the fpeculum CB* 
and thus by drawing perpendiculars continually fioill 
the place laft found to the oppofite fpeculum ntay ihf 
places of all the images be found which are leen to 
means of thofe reflexions, tlie firft whereof is maw 
from the Jpeciilum CA ; and in the fame manner, 
by drawing the perpendiculars FG, GL, andfoon, 
may the places of all thofe images be found which 
are fcen by mean? of the reflexions whereof the firft 
is made from the fpectclum CB. Now that ,titf 
'points D and E are in the circumference of the 
circle wliofe radius is CF, I thus prove in the tri- 
angles CFK and CDK, the fides FK and DK are 
equal bv the conftruiftionj and CK is commorrw 
■ both, 
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i» and the angles at K are right ones, where- !■ e c 

■the two triangles are equal, and of coniequence ^-^^[' 
is equal to CF; again, the triangle CDH is 
Uftl to the triangle C E Hj the fides D H and E H 
eg by conftru£tion equal, a3 are alfo the angles 
H, wherefore C E is equal to C D, which is equal 
CF, confequently, 3 circle defcribed on the cen- 
C, with the radius CF, will pafs thro' the points 
and E ; and by the fame way of reafoning it 
1 be found to pafs thro' G and L, and thro' the 
remities of all the other perpendiculars ; and 
refore the feveral images muH ot neceffity appear 
the circumference of a circle whofe center is at 
^oncourfe of the fpeculums, and whofe radius is 
lal to the diftance of the obje<5t from that con- 
irie. From what has been faid it follows, that 
he diftance of the objed: from the concourfe of 

fpeculums be given, the images will ftill appear 
the circumference of the fame circle, notwith- 
iding any alteration that may be made in the 
dc whereat the fpeculums meet -, if tliat be inlarg- 
■the images will be fewer in number, and at 
ater diftances from one another ; and on the 
hand, if it be made lefs, the images will be 
in number, and ftand clofer together, but the 
cle in whofe circumference they appear, will be 

fame in both cafes -, for that is not to be lefTen^ 
or inlarged otherw'ife, than by Icficning or in- 
jjng the diftance of the objeft from the con- 
afe of the fpeculums. 

Having laid before you the chief properties of 
in fpeculums, I come now to coniidcr fuch fpe- 
ims as are fpherical ; and they are of two forts, 
tave and convex -, concerning which it muft be 
fcrved, that as all the rays which fall Upon them 
m a radiating point, are refleded in fuch man-- 
• as to meet the perpendicular very nearly in one 
i the fame point ; in order to find out the focus, 
Z a set 
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•L II c T. or the place where the reflefted rays crdfs oilc ttf|« 
^ XX lir. Qthgr^ nothing more is neceflSuy, but to determine 
•^ ~^ the point wherein any one reflefted ray meets tkc 
perpendicular ; which may be done in the fbUowing 
PL lo. manner; let A be a radiating point, expofcd A- 
>jg. 13. reftly before the concave glafe FG^ whole center k 
C, AB a perpendicular from the radiating point to 
the fpeculuni^ which likewile demotes the (uftance of 
the radiating point from the fpeculum, AD a ray 
falling on the fpeculum at D, whc^ diftance from 
B is indefinitely fmall, t>E the reflefted ray meet*- 
ing the perpendicular in £, CD a radius drawn to 
the point of incidence, and of <:oniequeiKe bife^ 
ing the angle ADE in the triangle ADE ; Jince th€ 
angle at D is bifefted by the line DC, which cuts 
the Qppofite fide, AD is to DE, as AC to CE; 
but forafmuch as the points D and B are fnppofed 
to be indefinitely near, AD is eq^al to AB> and 
ED is equal to EB, wherefore AB is to EB, as AC 
is to C E ; that is, the diftance of the jradiating 
•point from the fpeculum ^ is to the diftance of the 
point E, where the reflefted ray cuts theperpendi- 
cular^ commonly called the point of interftSion^ as 
the diftance of the radiating point, leflened by the 
radius^ is to the radius^ leflened by the diftance of 
the point of interfeftion ; that is, putting D for 
the diftance of the radiating point, F for the dif- 
tance of the point of interfeftion, and R for the 
■radius^ D : F : : D — R : R — F; confequently^ 
reducing this analogy into an equation, and clear* 

ing F, F will be found equal to " _j^' ; that is, 

the diftance of the point of interfeftion from the 
fpeculum^ and confeqUently, the diftance of an image 
formed by reflexion from a concave fpeculum^ is 
equal to a reftangle under the diftance orthe obgeft 
from t\it fpeculum^ and the radius^ divided by twice 
the diftance of the objeft leflened by the radius. 

2 Her/::; 
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icncc it foilows, that if an objefl be placed before L e c t. 

concave fpecuhan, at an infinite diftance, that is, .^ ^^^} ' 

the diilance be fo great as that thu radius of the 

\ttdum bears no fenfible proportion to it, the image 

!& appear on the fame fide of the fpcculum with 

eot^eft, at the dUtanceof one half the radius irom 

e Jpeculum i for in this cafe, D being infinite, 

D — R becomes equal to 2D, and of confequence, 

■ is equal to R divided by 3 ; fo that one half the 

edius is the Icaft diftance at wliich an image can 

le projefted from a concave fpcculum on the fame 

dc with the objeft ; and forafmuch as the fun's 

nage, which, by reafon of the immenfe diftance of 

body, is formed at the diftance of half the ra- 

■ from the fpcculum, is there apt to burn, that 

lace is ufually called the focus or burmng point. 

As the objeft approaches ihc fpeculutn, the image 

:cedcs ; for as in one and the fame fpeculum, the 

idius is a ftanding quantity, it is manifeft, that as 

) leflcns, the proportion of DR to 2D — DR mufl: 

bcreafc, conlequently, F, or the diftance of thc' 

tnage from the fpeculum muft do fo too ; and when. 

he objedl has approached fo near the fpeculum as to 

te at the center, the image wilt have receded lb far 

|i to be there likewife ; for in this cafe, D being 

Iqual to R, 2D — R is equal to R, and of confe- 

[uence, F is equal to D ; fo that the objeft and it^ 

piage meet at the center of the fpeculum \ upon the 

ftgcft's paffing from the center towards the glafs, 

ne image is projefted beyond the center, and when 

he objeft has approached fo near the fpeculum, as 

be diftant from it but half the radius, the image 

at an infinite diftance ; for in this cafe, D being 

iqual to half the radius-, 2D — R is nothing, con- 

':quently, F, that is the diftance of the image, is 

[finite ; or to fpeak more properly, the rays after 

rflexion proceed parallel j for which reafon, if the 

.Jame of a candle be placed dirciftiy before a con- 

Z 3 cave 
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I/ECT. cave fpectdum^ at the diftance of half t\i€ ra^uf^ 
_^^|^the Jpeculum will feem to be in Qames, and the re^ 
fle<5ted light will be fo intenfe, as that by thehdp 
of it one may be able to read at a very coniiderahk 
diftance from ih^ fpecul^m. Taquet aflerts, that he 
has read at the diftance of no lefs than 400 feet ; and 
to fay the truth, the diftance would be without li- 
mits, were it not for the atmofphere, whofe par- 
ticles continually intercept the rays, and by fo do- 
ing, at length totally extinguifh the light. It fome^ 
times happens, that >yhen the flame of a candle is 
placed in the focus of a concave Jpeculum^ its image 
is projefted on a diftant wall, which feems xo in- 
validate the truth of what I juft now proved cpn- 
qerning the parallelifm of the rays after reflexibn, 
but this is occafioned by the flames being too large 
to be contained totally within the focus^ for were it 
fo fmall as to lie wholly within the focus^ it would 
not projeft an image, but the rays after reflexion, 
would form a cylindrical body of light, which 
when projefted on a diftant wall, would have a cir- 
cular figure, of an equal circumference with the 
Jpeculum. 

When the diftance of the objeft from the Jpecu- 
lum is lefs than half the radius^ the iniage appears 
j^ehind the Jpeculum •, for in this cafe, 2D — R is a 
negative quantity, and of confequence, fo is F, 
which fliews, that the diftance of the image which 
is denoted by F, muft be taken on the other fide of 
the fpecuhm-i with refpeft to the objeft ; as the ob? 
ject moves nearer to. the y^(?r«/««i before, fq li|cewife 
does the image behind j and when the ohjeft is fo 
near as to touch the Jpeculum^ the image does the 
fame ; for in this cafe, D being nothing, F, that is, 
th-f diftance of the image from the fpeatlum^ is like- 
wife nothing. 

As. to the pofition of the images which are feen 
\yj reflexion from a concave Ipcfulum^ thofe which 
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. appear on the fame fide of the fpeculw/st -with the L e_c t. 
ODje£t jnuft be inverted, and thofe which appear _j ~j' 
behind xhc fpeculum mud be ereift. For the proof pi_ ,p_ 
of which, let AB be an objeft placed before the Fig. 14. 
conczve fpeculif-'}} FG, at any diftance beyond the 
center C, in which cafe the image will be {iien be- 
tween the center and tWc ^ecii.'run, fiippofe at DE j 
from A and B, tlie extream points of the objcft, 
let the lines AH and BI be drawn perpendicular to 
the fpeculuin, and of confequence croITing one an- 
other at the center ; this being done, fince the image 
is fuppofed to be at DE, and fince every point of 
an image is feen,in the perpendicular drawn from 
the correfponding point in the objeift, it is manifeft, 
that D, the lowcft point of the image, will corrc- 
fpond to A, the highefi point of the objeft, and E, 
the higheft point of the image, will correfpond to 
B, the lowefl: point of the objefi, that is, the 
image will appear inverted. And by the fame 
way of rcafoning, if DE be the objed, fittiated 
at fuch a dillance between the fpeculiim and the 
center, as to have its image prajciitcd beyond 
the center at AB, the iiriage miift appear inverted. 
On the other hand, where an object as DE, is 
placed between the fpeculum and the center, and 
confequtntly, projefLs an imiigi- behind the fpecu- 
lutn; for it mutt be obferved, that the fame object 
PE, which when fmiated between the pentcr and 

' tjhe fpeculum^ at a lefs, dillance from the center than 
half th'; radius, projeds an image as AB beyond 
die center, does tikewife projeift another image as 
HI, behind the fpeaduiii -, and as the former image 
is vifible to an eye placed beyond it, fo the latter 
image is vifible to an eye placed between thi; 
objefl and the fpeculum, and it mull appear ereft, 
iqafmiich as the perpendicular CH, whicli patfes 
thro' D the higheft point of the objcft, does likewife 
pafs thro' FI, the higheft point of the image. 

. - ,., '24 As 
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As to the magnitudes of an objeft and its image, 
they are to one another in the fame proportion with 
the fquares of their diftances from the fpfculum ; for 
if the line LCM bt drawn thro' the center C, per- 
pendicular to BA, DE, and HI, and confequently, 
bifeifting the angle at C, if BA be the length or 
breadth of an objeft, and DE the length or breadth 
of its image projeftcd on this fide the fpecidum, then 
LA and OD will be half the length or breadth of 
the objeft and its image, and the triangle CLA 
being fimilar to COD, LA is to OD, and confe- 
quently BA to ED, us LC to OC, that is, the 
length or breadth of the objeft, is to the length or 
breadth of its image, as the diftance of the objeft 
from the center ot the fpemluir.^ to the diftance of 
P]_ ,Q^ its image from the fame center ; but it has been 
Fig. 13. proved, tjiat as AC, the diftance of the o^eft 
from the center, is to EC, the diftance of the image 
from the center, fo is A B, the diftance of the ob- 
jeft from ihe fpeadtim, to EB, the diftance of tfiff 
image from ih.Q fpeadum ; coniequently, the length 
or breadth of an objeft, is to the length or breadth 
of its image, as the diftance of the objeft from the 
fpeculum, to the diftance of the image from iW 
Jpeculitm 1 and forafmuch as fimilar furfaces are to 
one another, as the fquares of their homologous 
fidfcs, the magnitude of the objeft, is to the mag- 
nitude of the image, as the fquare of the objeft's 
PI. 10. diftance from the Jpeculum, to the fquare of the 
^'g- H- image's diftance. And by the fame method of ar- 
guing, if DE be an objeft whofe image behind 
the fpeculutn is HI, the magnitude of the former 
will be found to be to the magnitude of the latter, as 
the fquare of KO, to the fquare of KM. Hence 
it follows, that the objeft during its continuance 
beyond the center, muft appear larger than its image, 
as Dcing more diftant from the fpeculum, and when 
\t is in the Renter, where it meets the image, it 
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muft appear equal to it, bvir being on the fame fide L e c t. 
of the center witK the fpeailum, it muft be lefs than ^^ID. 
its image, which in that cafe lies beyond the center, 
and confequcntly, is at ^ greater diftance from the 
Jpecuhm. 

It likewife follows, that the image which appears 
behind the fpecutum is ever larger than the objeift ; 
for fince MK, the diftance of the imaae behind the 
Jpeculim, is to OK, the diftance of t'he objeft be- PI. lo. 
fore the fpeculum, as MC, the diftance of the image ^'g- '♦• 
from the center, to OC, the diftance of the ob- 
jeft from the center ; and fince in this cafe, the ob- 
jeft is always lefs diftant from the center than iti 
ifnagfe, during the appei~ance of the image behind 
the jpeculufH-, it is evident, that the image muff stp- 
pear larger than tlie objcft ; but then this is to be 
imderftood with refpeft to fuch images only, as arJ3 
projefted by objefts lefs diftatit than the center; for 
if an objefl be" beyond the center, an eye being clofe 
to the fpecttlum-, fhall fee the image at the farfle dif- 
tance, and of an equal magnitude with the objcft"; 
and in this caie, the feveral parts of the image do 
not appear in thofe points where the perpendiculars 
from the correfponding points of the objeft meet 
with the refleifted rays -, the reafoti of all which 
feems to be this, the portion of the fpeadmn which 
the eye makes ufe of in this cafe is fo excv'edingly 
fmall, that notwithftanding the fpherical figure of 
the fpeculum, it may be looked upon as plane, and 
consequently, the appearances muft be the fame as 
in other plain fpecuhtms -, that is, the image mult 
appear as far behind the fpeculum as the objefl: is 
before it, and of the fame magnitude with the ob- 
jeft. 

If an image formed on this fide a concav? J^ecu- 
lum be looked ar with both eyes, it will appear 
double, provided the diftance of the eyes from the 
image be but fmall, and upon ftiutting either eye, 

(h9 
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L E c T. the contrary image will difappear ; for fincc the rc^ 
^^Li fl^^^ r*y^ which form the feveral points of aa 
imaK meet and crofs one another at the image> 
thote which enter the right eye muft be reflefted. 
from the left fide of the fpeculum^ and thofe whicl%. 
fall upon the left eye, muft be reflefted from th^ 
right fide of the fpeculum^ and of confequence, on^ 
and the fame point of the image muft appear to the 
right eye, as fituated before the left fide of the fpe^ 
culum^ and to the left eye, as fituated before the 
right fide of the fpeculum ; that is, it muft appear 
double, and the right or left image muft vanifn up- 
pj jQ on clofing the contrary eye. Thus, if the point 
Fig. 1^*. C of the image AB, be looked at with both eyes, 
one whereof is at Q, and L!ie other at Q, the eye 
at O Ih^ll fee it by means of the rays ON, which 
are rejlefted from N, and of confequence, Ihall fee 
it as placed before N, but the eye at Q feeing it by 
means of the rays QM, whi(;h proceed from M, 
ihall fee it as fituated before M, for which reafon, 
the point C will appear double •, and what has been 
thus fhewn with refpeft to the point C, may in the 
fame manner be fliewn, with regard to all the other 
points in the image, and therefore the whole image 
muft appear double ; as the eyes are more and more 
removed from the images, they approach nearef^ 
together, and at length coincide; the re^fon of 
which is plain, from the bare infpedtion of the fir 
gure ; fgr fiqce the interval of the eye§ continues 
tiie fame, it is evident, that when they are farther 
removed from the image, the rays whereby they fee 
the point C muft be reflefted from parts of the 
fpeculum lefs diftant from one another than M and 
N, and the diftance of the parts of xh^ fpeculuin 
which refleft the rays to each eye, muft continu- 
ally leflen as the eyes ^re more and more renioved 
from the image, and at certain diftances of the 
eyes, muft become fo fmall as not to be fenfible. 
5 . And 
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And tlius much concerning fuch ipherical fpeeu- L b c t. 
lums as are concave -, as to convex fpeculums, in order ^ ^ _ . 
to determine the places of images formed by re- * 

flexion from them, let A be a radiating point, pi. jo. 
expofed direftly before the convex fpeculum HK, F'S- ^^• 
whofe center is C, AB a perpendicular from the 
radiating point to the fpiculufn, which likewife 
denotes the diflance of the radiating point from 
the fpeculum, AD a ray falling on the fpeculum at ( 

D, whofe diflance from B is indefiniEely fmall, j 
DE the reflefted ray meeting the perpendicular in 

E, CD a radius drawn %o the point of incidence, 
and of confeqiience bifefting the angle FDE j let 
the angle FCD be made equal to ECD, and let 
CF be continued till it meets AD produced; this 
being done, it is evident, that the angle at C in the 
triangle A C F, is bifefled by the line C D, which i 
cuts the oppofite fide, confequcntly, AC is to FC, 

as AD to DF ; but forafmuch as D and B are fup- | 

pofed to be indefinitely near, AD is equal to AB, j 

and DE to BE; and becaufe the triangles CFD | 

and CED are equal, DF is equal to DE, and FC 

is equal to CE-, wherefore, A B is to BE, as AC 

to CE ; that is, the diftance of the radiating point 

from the fpeculum, is to the diftance of the point 

E where the reflected ray cuts the perpendicular, 

which is called the point of interfe^ion, as tlie fum 

of the diftance of the radiating point and the radius, 

to the radius lefiencd by the diftance of the i 

point of interfeftion ; that is, putting D for the 

diftance of tlie radiating point, F for the diftance | 

of the point ot interibdion, and R for the radius as i 

before, D : F :: D-l-R : R — F; confequently, I 

reducing this analogy into an equation, and clear- * j 

jng F, F will be found equal to -7- — - ; that is, 

the diftance of the point of interfeCTiion behind the 
Jpeculuiitt and confcquently the diftance of an image 
behind 
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\ tier, behind the fpecalum, is equal to a rc^angle under 
I ?^"* the diftance of the objeft from the fpeculttm and 
I ^^^'■"■"■^ the radius, divided by the fum of twice tJie diftance 
of the objeft added to the radius. Hence it follows, 
that if an objeift be placed (o near a convex fpeculttm 
as to touch it, its image wiil do fo too -, for in this 
cale, D being nothing, F is likewife nothing; as 
the objeft recedes from the Jpeculum, the imase gpes 
c^ behind -, and when the objeft is removed to zn 
infinite diftance, the image appears behind in the 
midway between thz fpeculum and its center ; for in 
this cafe, D being infinite, 2D -t- R becomes 2D, 

and of confequence, F is equal to — , fo that ob- 

jcfts feen by reflexion from convex fpherical fpeeU' 
ixms, appear conftantly behind the Jpecukm, ■vmhin 
the limits of half the redms ■, and tbrafmiich as the 

! images conftantly appear on the fame fide of the 

center with the objefts, they muft be Icfs than the 
objcfts ; for if we i'uppofe H I to be an obje>fl placed 
before the convex fpecuium FG, and projefting its 
I PI. 10. image at DE, it is manifeft, that the image fub- 
- Fig. 14. tpnds the fame angle at a fmaller diftance, than the 
ot^eft does at a larger diftance, and confequently, 
muft be lefs ; and the difprnportion between the 
object and its image, muft increafe as the object 
recedes, and dccreafe, as it approaches, becaufc, a$ 
the objeift recedes from the center, the image ap- 
proaches, and as that approaches, the image rc-^ 
Cedes 1 but as the image can never be more diftant 
irom the center than the objec!!:, it can in no cafe 
appear Urger. The proportions which the magni- 
tudes vA the ol^eft and its image bear one to an- 
flthcr, is the f^mc with the fquares of their diftances 
from the fpeciiluin, as in the cafe of concave fpecu- 
ti'jns i the proof of which being exaiftly the fame 
with that made ufe of in the cale of concaves, I 
fhall not here repeat it. 

As 
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As to the pofition of fuch images as are fcen by- 
reflexion from convex fpherical fpcculmns, they muit , 
always appear eretft j for as they ever appear on 
the Xarae fide of the center with the objeifls, the 
perpendiculars which are drawn from the upper- 
moft pans of the objefts, muft pafs thro' the up- 
permoft parts of the images ; and thofe from the 
lower parts of the objefts, mult likewife pafs thro' 
the lower parts of the images ; thus, the perpendi- 
cular HC, which comes from H, the higheft point 
in the objeft, pafies thro' D, the highelt point of 
ihe image, and I C, which comes from I, the loweft 
point of the obje<5t, paffes thro* E, the loweft 
point of the image ; and fo it is with regard to the 
perpendiculars which come from the intermediate 
pc^ints ; fo that the feveral parts of the image have 
the fame fituation with the correfponding parts of 
the objed:, and of confequence the image appears 
•red. 
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Of the collision or NON-ELASTICK 
AND ELASTICK BODIES 



Problem I. 

IF two bodies li either entirely void of elafticity or 
perfctily tlafitck, and one ftrike the ether direQly, 
]f A and B denote the quantities of matter or 
weights of the two bodies^, a and b their velocities he- 
fore the ftroke ; and if A be the fwifter body -when the 
bodies move the fame ivay, the body which has the 
, greater motion when they move contrary tuayst and the 
moving body when one of them is at reji before the 
firoke ; to determine the ratio of the bodies when their 
velocities before the ftroke are given, or the ratio of 
their velocities before the ftroke when the bodies are 

given ; that (V, to determine — when a and h are 

given., or t- when A and B are given ; .fo as that 

the motion of A before the ftroke, fhall he to its motion 
after she ftroke, in the given ratio of m to i. 

To give a folution of this Problem, it is neceSary 
to know the motions of A before and after the ftroke, 
both when the bodies are entirely void of elafticity, 
and when they are perfeiftly elaftick ; and likewife 
to know the motion of A after the ftroke, when 
the bodies move the fame way, when they move 
contrary ways, and when B is at reft before the 
ftroke. The motion of A before the ftroke, is Aa 
in all cafes. And from whac has been delivered by 
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Non-£laftick and Ekftick Bodies. 

5ll^ Author^ when the bodies are entirely void of 
cfiliicity, the motion of A after the ftroke, is 

, , ,^ — when before the ftroke the bodies ittbve 
A+B 

AAa ABb 
the fame way, — . p — when they move difFe- 

AAa 
rent ways before the ftroke, and when be- 

fore the ftroke B is quiefcent. And when the bo- 
dies are perfectly elaftitk, the motions of A after 
-'the ftroke, when before the ftroke the bodies move 
-the fame way, contrary ways, and B is quiefcent, are 

2 ABb + AAa — ABa AAa — ABa _ 2 ABb ' , 

", and 



A + B 
AAa-^ABa 

. A + B • 



A+B 



t^i^'am 



Hence, this Problem contains fix 



Cafes^ three when the bodies are entirely void of 
.elafticity, and three when they are perfeftly claf- 
tick 'y which Cafes are thus folved. 



When the bodies are entirely void of elafticity* 

Case I. If the bodies move the fame way^ 

AAa + ABb ' 

Aa will be to — r — jj — , as m to i ; whence yfc 

A + i5 

, A a — mb , a mB 

iiave K- = — , and - =: ; , ^ r. 

B mi-^a b A + B — mA .. ^ 

Case II. If the bodies move contrary ways^ 

AAa — ABb 

Aa will be to —7 — s — 5 as m to i •, whence we 

A + B 

, A mb+ a , a mBl 

have jr = , and - = . * ■ ^. 

B ma — a' b mA-^A — B 
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Case III. If B be at reft before the ftroke, 

AAa 

then will Aa be to ^ . ■ ^ , as m to i j whence wc; 



A + B^ 



have 
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A 1 

ihave;^ 1= — *— . -In this cafe -b is noehittft -aoll • 

ff^e^.tbe bodies cire jperfeSiiy jiUfilch 

C^sE jy. ,|f the .bodies ^pAjc .^e J^fijp <^, 
Aawm>be-«>^2Mb%^g=2^, ^ ^ ts> 1^ 

-Urtiena we »h^ve 5 c - — r ^ J^> aijd ^g .=£ 

2ITIB 

leB + A + B— m^ 



\ 



Aa \faU be-to i^-^-^ p . » .^s hi to 1 1 

, - A 2mb + ma + a , a _^ 

whence we have g = — ^rT"R — > ^^^ r -^ 

-.21093 

mA— A— B— mB 

Case VL If B be ^t/reft J?^ore the ftrok^e^ 

^ Aa — '•^ABa 

Aa will be to — ^ ■ ^ — , -as m to i 5 whence we 

A + B • 

have -5 c: - ^ ' -" *. In -this cafe b is nothing* and 
o m — I ^ 

teoiifequently ^ is infinite. 

.» 

Ex A MP.. I* If the bocjies be.eiiti^ly void qf^ 
claftieity, and.mave-the fame way, A with^ velcu 
city of 7, and B with a velocity of 3 ; and A lofe 
hw its ^)otion by the ftroke, or, which .^amopnts 
to the fame, if the motion of A before the ftrol» 
4>e to its nation after^ as i tp 1; In this cafe, a, 

b, m, 



%j' m, ire 7, 3, t ; and g', which is equal to ~_^ 

by Pafe i, will be equal to 4 ; fo that A and B will 
be aai I and 7. Here Aa, the motion of A before 

' AAa + ABb 

the firoke, is 7, and ■ a 4,3' i ^^^ motion aftei* 
the ftrokc i$ 3^5 but 7 is to 34, as 2 to i. 

ExAMP, II. ^ If the bddies be eiitirely Void o^ 
^lafticity, and move the fame way^ if A and B be 
a$ I and 4, and the motion of A before the ftrdke 
be to its motion after, as 3 to i, in whicli cafe ni 

will be 3 5 then -r-, which is equdl to 



b' ^ ^ y A + Ji— mA 

by Cafe i , . will be equal to x ; fo that a and b will 
be as 6 and i. Here. Aa,- the motion of A be- 
fore th< ftroke, is 6, arid -^ — aTb — ' ^^^ motion 

after the ffaroke by Cafe i^ is.2 s but 6 is to 2, as 
3t6i. . 

. ExAMP.'lii. If 6 be at reft before the ftroke, 
and the mptioii of A before the ftroke, be to its 
motion after, as 10 to i, in which cafe m will be 

io ; then will -g- be 4» or A ahd B will be as i 

and 9. if the velocity of A before the ftroke be 
expreflfed by i, that is, if a be i, then will Aa be i, 

AAa 
and ' . ■ , ^ be tV ; but i is to tV> as 10 to i . 

It is to beobierv^d, that A can never communi- 
cate all its motion t6 B^ except wherl it is infinitely 
greater than B, m which cafe B will become no- 
ting. For if A ^onununicate all its motion to B^ 

A. I 

m will be I \ and ^, which is. as • — ^— , will be as 

JD ■ m^i— I 

ii but 7 is infinite 1 and therefore A muft be in^ 

A a ' finitely 
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fimtely greater than B, to lofe all its motioii tiy 
the ftroke. 

ExAAiP. IV. If the bodies be perfeftly ekflkk; 
and move the fame way with velocities which are as 
3 and 2 ; and if the motion of A before the ftroke 
be to its motion after^ as 2to i ; then wiHa^ b, m, 

be 3, 2, 2 i and g-; which is as . ^^ by 

Cafe 4, will be 4 -, fo that A and B will be as f aiid 
3. Here Aa, the motion of A before the ftrokr, 
J aABb+AAa — ABa . . - a , 

IS 3 ; and r— ^5 > 1^ motion after the 

A + B 

ftroke, is \ ; but 3 is to 4» as 2 to i/ 



ExAMP. V. If the bodies be perfcftly 
and move the fame way, if A and B be as 4 and 5« 
and the motion of A before the ftroke be toits mp- 
tion after, as 3 to i ; then will A, B, m, be 4, 5, j 5 

a 2niB 

and ■^, which is as ^B + A + B-mA ^ ^'^ ^ 
will be I, fo that a and b will be as 5 aiid- 2. Here, 
Aa, the motion of A before the ftroke, is 20 ; afid 

2ABb4-AAa— ABa , . ^ * r ^ i.^' 

-T — 5 , the motion of A after, is -^ ; 

A -f- ij 

but zo is to -V"? as 3 to i. 




' ExAMP. VI. If A and B be perfeftly 
and B be at reft before the ftroke, if A nlove witfc 
a velocity of 4,. and its motion before the ftroke be 
to its motion after, as 3 to i -, then will a, b, in, 

be 4, o, 3 ; and — , which is as - ^ by Caft 6, 

will * z= X ; fo that A and B will be 2 and i* 
Here, Aa, the motion of A before the ftrolce, is 8 ; 

p^j^2i ABa 

and — ' — ,. its rtiotion after the ftroke, is -J; 

but 8 is to 4, as 3 to I. • 

SCHOLIUM. 
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SCHOLIUM. 

If it be reqiured taknow the motion of B iftcr 
the ftroke in the fix Cafes before mentioned, that 
modon m^y be had, from what our Author ha« 
d^vcred, when the weights of the bodies, and 
their velocities before the ftroke, are given. 

If the bodies be incirely void of elafticity^ 
the motion of B after the ftroke, when before the 
ftroke, the bodies move the fame way, when they 
move contrary ways, or when B is quieicent, is^ 

BAa + BBb BAa— BBb BAa 

A + B ' A + B ' ^^ A + B* 

And If the bodies be jperfc^y elaftick ; the mo^ 
tions of B after the iboke, when before the ftroke 
^e bodies move the lame way, when they move 
contrary ways, or when B is quielccnt, is 
2BAa + BBb—B Ai) aBAa — BBb + BAb aB Aa 

A+B ^ A+1 ' ""' aTF* 



pROB. II. If two bodies A and B he given^ and 
heperfeStif eUfiick^ if A be the leffer body^ and B b* 
at ne^ befrre the ftroke ; it is required to find an in- 
termediate body offucba weigh or quantity of matter^ 
which tfhall denote by x, as that AJiriking x at 
refiy and x witk the motion actmred by the ftrgke 
jfriking JB at refi^ the motion produced in B fkdl be 
greater than can be produced by an internudiate body 
of any other weighty or^ in other wprds^ that the mati' 
otiinB fball be a maximum. 

The mbtion of x after it ii ftruck by A, is 
jj-7^, and the modiort^f B after it is ftruck: by x, 

Aa 2 But 
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But by fuppolition the motion of B is a maximum^ 
and confequently its fluxion is nothing. The fluxi- 
on therefore of -r-r — ; , ■ ■ — ; is nqthiii^ j 

AB + Ax + Bx + xx ^'r 

, . 4A*B*ax — 4ABxa;c* ^ . ^ :x'm 

that IS, ■ ■ ^ ' =: o. Confequenujr, 

Ai5-J- AX-J-JtfX + XXl*. ■ ' ■■'' 

4 A*B^ax — 4ABxax* =: o ; and, by dividing by 

4ABax, AP— X* — o •, and AB r: x* ; wRencie x 
is a mean proportional between A and B. 

Our Author has given a clear folution of this 
Problem^ but in a different manner. 

r 

Cor. I. If. a. number of bodies be in a conti- 
nual geometrical progreffion,' if the leaft of the bo- 
dies be A, the ratio of the increafe be e, and. the 
number of bodies nj and if A ftrike the fe'fconcl 
body at reft, and the fecond with the motion ac- 
quired ftrike. the third body at reft, and fb on ta 
the laft •, the bodies,- their velocities and motions^ 
will be thus expreffed. 



- r 



Bodies - - A, • eA, e* A, e' A &c. '*r|'''"*A. . 

• 2a 4a 8a 2 l***^'* 

Velocities -- a, — --r-, «=--, .=t5=:r-,&c. — --4 ■ a. , 

,^ . - 2Aae 4Aac* 8Aae5- JTl***-'- j 

Motions • - Aa, — — ; — , ■ ^ , =~->&c. ■ • j Aa* 

%...■•.•,. 

ExAMP.'l. tf tne niunber of bodies- inci^eaixng^ 
in geometrick proportion be 20,, aiid tTife com- 
mon r^//^ of the terms be 2, n will be 20, and c 
Be 2. The laft body will be 524288 times greater 
than the.firft ; the velocity tf the laft will be totbE 
velocity of the firft, as i to 22164 ; and the moti-. 
on of the laft will' be about 2361- times greater' 
than the motion of the firft. 

ExAMf. 
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' ExAMP. II. If the number of bodies be 100, and 
he common ralio of the progreffion be 2 ; then will 
1 be 100, and e will be 2. In this cafe, the lad body 
J'ili be above 635825300000000000000000000000 
TiTics greater than the firft, its velocity will be to 
_Kcve!ocityof thefirit, as i [0271022000000000000 
Snarly -, and the motion of the lall will be to the 
lotion of the firlt, nearly as 2338480000000 

. Cor. II. If the motion of the firft: body be (o 
tVie motion of the lalt, as i to D, that is, if Aa 

v>e to Aa, as i to D, then will c be equal 

^o ^. 

z—'D'-' 

For example, if the number of bodies be 20, and 
the motion of the lair be 1 00000 times greater than 
the motion of the firft, n will be 20, D will be 
100000, and c will be ro.9746 nearly; fo that ' 
each preceding body in the 20 bodies muft be 
10,9746 times greater than the body lying neit 
behind it. 

CoR- III. If [he motion of the firft body be to 
the motion of the laft, as i to D, that is. if Aa be to 



i-^"el , and putting K for ——, and L for lo- 
garithm, we fhall have V — R"~', and L, D = 
n — I X L, R. 
U -For example, if e be 4, and n be 25, ■ ^ ~ will 
L A a 3 be 

L Z 



4 
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be 4i the logariihrn of which number is 0.20411^1 
=:L, Ri and n^^xL,R = 4.8988795=1,0.1 
The nanirat number of this logarithm is 7^" 
nearly; fo thai in this cafe the morion of theli 
tody wili be nearly 79228 times greater thaali 
motion of the firft, 

Cor. IV. If D and R be given, n nuy ittl| 
, , , , . , L,l) + r„R - ■■ 

lounii by being eijual to — ; t< 

laJl Corollary L, D — n — 1 x L^ R. and conl^l 

L, D + L, R 
quently n = —^ . 

Forexample, if Dbe looooo, andc be 2, i|iir!uC]i| 
cale R will be 4 i then will L, D, be 5.000000 1 

and L, R 0.1249387 ; and — ^ — r~U~^ — » *'l^ ^ | 

41. 02 — n 1 fo that more than 41 bodies will be I 

neceflary to make the motion of the laft 100000 I 
limes greater than the motion of the firft. 

Of the Motion of a Globe in a Fluid NJediuiiu 

pROB. III. Jf the diameter and denfity of » 
Glebe tnozittg in a fluid medium, ;/ tke denfity of tbt 

medium, the vdcciiy with which the globe Jets out, 
end the time of the mcticn, h all ^iven ; to determint 
the part of the 'uelocity which is deflrcy'd by the refin- 
ance of the medium, the remaining part of the velo- 
city, and the fpace dtfcrihed by the globe in- the given 
time. 

Let P denote the diameter of the globe, d its 
Jcnfity, t/' the denfity of the fluid medium, V the 
velocity with which the globe fets out, c the time of 
the motion expreflcd in feconds, m the part of a 
diameter or number of diameters of the globe whith 
i\ would defcribe with the veiocicy V in the time i, 
^ ■ and 
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and T the time in which the globe with the velo- 
city V would in vacuo delcribe a fpace which is to 

-— — as d to c*^ 1 and then the part of die velocity 

deftroyed by the refiftance of the medium, will be 

7T— — J- -, the remaining part of the velocity will 

be ■— r 1 and the fpace defcribed in the medi- 

- L ■ -11 I. SDd J. 7~^ 

ttm in the time t, will be — j- x Log. i + -j^h 

' 3*" r'^i 
'X 2. 302585093. 

'For Sir Isaac Newton has proved, that the 
part of the velocity which is deitroy'd by the refift- 
ance of the medium, in the time t, is ... ; that 

, , . VT 

the remaining part, is =; — j and that the fpace 

defcribed in the time t, is TV x Log. ~~\ X ■ 
2.^02585093. But by conftruftion, T is as 
-j^, and V IS as — -—■ And therefore, by fub- 

ftituting ~j^ and — inftead of T and V in the fore- 
going expreflions, the part of the velocity deftroyed 
by the refiftance of the medium in the time t will 

be -^r-- — J, the remaming pare of tne velocity 

"^ 4JV 
"will be -rrr — -, and tlic fpace defcribed in the time 
-Ja -H iiiif * 

twill be— —X Log. I. -{-—: X 2.302585093. 



' Cor. 1. If the denfity of the globe be equal 
- to the denfity of the wetiiim, that is, if d be equal 
Aa 4 



L 
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to <f, the velocity deftroy*d by the refiftance pf tte 

mV 
medium in the time t, yrill be -r-; — . 

This Corollary will obtain, if the globe and the 
medium be perfectly denfe or void of pores ; for by 
being entirely void of pores, they will have equsd 
denfttics. And fuch a globe moving in fuch z me- 
dium the length of 3 times its diameter, will \q{% 

above half its velocity ; for if m be 3, ^ will 

be—. And this will always be tl>e velocity loft ia 

moving three times the length of the diameter, 
when the globe and the medium have equal denfities. 

Cor. II. If a globe in moving througti m 
times its diameter in a fluid medium^ lofe the n pait 

of its velocity; then will nzz-^ j, da: 

/ X m — nm \An . 8nd 

'9 g — : — , ^ zz — , ' " ■', and m rz — 5, 

\n m — nm 3/— 3n/ 

For u. . ■ ' — : = nV ; whence n zs ^ . ^ i J ^ 

/ X m — nm ^ idn . " ' 

d z= 1 J^ -=, — i , and m =: 

^ pi — ni^ 

8nd 

3J^--T3nf• - 

Ex A MP. I. If a gjobe Iqfq i of its velocity rgi 
moving the length of i o times its diameter in wa- 
ter, in which cafe n will be ^, m will be 10, ai^d 
©^ will be I •, then d will be 4, that is, the globe 
will be denfer than wafer in the nroportion of 5 
to 4. 

Exam p. II. If a globe 10 times as denfe as 
water, lofe ^ths of its velocity in moving 10 times 
its diameter in a fluid; the dpnGty of ;hat fluid 

wiU 
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(fflU be 8 times as great as the dcnfity of water. 
In this cafe d is 10, m is 10, and n is i ; and 

tO, which is equal to , is 8. 

ExAMP. III. If a globe twice as denfe as water, 
lofe Irths of its motion by moving in a fluid 14 
cimes as denfe as water; it will lliffer this lofs of 
velocity in moving the length of i-J- D. For in 
this cafe d, e^, n, are 2, 14, -i- ; and m, which h 

equal to , will be -J- :z i-f. 

ExAMP. IV. If a perfedly folid globe move 24 
times the length of its diameter in a perfetftly folid 
medium^ it wul lofe 9 parts in 10 of the velocity it 
had at the beginning of the motion. For in this 
.cafe d is equal to rf, and m is 24 ; and n, which is 

equal to ■; , will be equal to -fj — ^. 

_ 1+ m 

ExAMP. V. If a globe of equal denfity with 
water, move half the length of its diameter in air, 

it will lofe the — 5-^ part of its velocity, on fup- 

pofition that the denfity of water is to the denfity 
of air, as 860 to i. For in this cafe, d, J*, m, are 

860, I, 4^-, and n, which is equal to ■ „ - , '.' zr .t '^i'^ 



■J-d + aid 



be 



4587T 



Ex A MP. VI. If the earth moved round the 
fun in a fluid medium of equal denfity with the air 
^ the furface of the earth, it would by the refiftancc 
of the medium lofe almoft all its motion in loooo 
' years, on fuppoficion that the denfities of the earth, 
pf water, and of the medium, are 5, i, -^^, or in 
. dccimaU 
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decimals ojdoii628. For the earth moves in its 
orbit with a velocity that carries it at the rate of 
■4-89393S7?279' ^.i'". or 61714234? times the 
length of its own diameter in loooo years, on fop- 
pofition that the fun's horizontal parallax is lo? 
leconds. In this cafe therefore d, </, m, are 5, 
0.0011623, and 617142543 J and confequently D, 
which is equal to |- -, will be a 4.|^|rh 

part, which is nearly the whole, of its prefent ve- 
locity. 

By the French meafures, a degree of a great 
circle of the earth contains 342366 Paris feet, or 
365403.3158 EngUJh feet, on fuppofition that a 
Paris foot is to an EngUJh foot, as 11 42 to 1070. 
And confequently the diameter of the earth, fup- 
pofing the earth to be fpherical, will be 41 870881 
Englsjh feet, or 7930 miles. The mean diftance 
of the fiin from the earth, reckoning the parallax 
at lOj feconds, is about 19644.2675 femidlamctCK 
of the earth, or 77889520.6375 miles 1 confe- 
quently the circumference of the earth's orbit is 
489393878.2791 miles, which the earth defcribcs 
in one year, or 29558161.6 feconds of time. 

ExAMP. VII. If the earth move ia an yS'i^ 
700000 rarer than the air at the furfacc of the 
earth, it will lofe about xV^b part of its prefent 
velocity in loooo years 1 for in this cafe d, o" and 
m, are 5, 0.00000000166, and 6171423431 and 

confequendy n, which is equal to ;— - — - will be 

equal to a ^■o'445 93 ^ ^^^ ^^^ j^ ^ ^ ^^ 
^ 14.35778962271 ^ ' ^ ^ 

of the prefent velocity very nearly. 

And if the earth moves looooo years in this' 
jEtkcr, it will lofe almofl; half of its prefent motion 
in that time. 

ExAMP. 
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ExAMP. VIU. \i we fuppofe the earth to loie 
the T-S-yth part of its prefent velocity by moving in 
an teiberia! medium for 400000 years, in ' which 
time it will have defcribed 2jif68$6g^6Ho times its 
diameter, the denfity of the medium will be above 
200 millions of times lefs than the denflty of the 
idr at the furface of the earth. For in this cafe d, 
n, m, are 5, 0.01, 24685693680, and confe- 

qqcntly t/*, which is equal to — — — , will be 

0-1333333 l_ 



■ — uu u — -:r-n • But the 

244306 3D743. 2000000 183366000000 

denfity of water being i, the denfity of air is tto ; 

and confequently, the denfity of the air at the 

furface of the earth will be to the denfity of this 

tHedium, as above 213200060 to i. 



0/ the Motion of Wheels aver Obflaclcs. 

pROB. IV. If a wheel moving on an horizon- 
tal plane, meet with art immoveable ebjlade in its way^ 
ever which it is to be draimt by a force fixed to its 
center 1 (/ the weight and diameter of the wheel, the 
height of the obftacle, and the direSion of the force 
drawing the wheel, be all known \ thence to determine 
the force that is fuficient to draw the wheel over 
(he obfiacle. 

Let GPME be the wheel, ND the horizontal PI- 
plane on which it moves from N towards D, EF '''*■ 
the obftacle over which it is to be drawn ; let the 
wheel arrive at the obftacle, and touch its top E i 
and there let it be fuppofed to ftand prefling the ho- 
rizontal plane at G with its vyhole weight. Draw 
DEK a tangent to the wheel in the point E, draw 
the diameter ACG perpendicular to the horizontal 
plane, and produce it till it meet the tangent in O -, 

from 



gyo Of the Motion of Wheels 

from E draw the radius EC; draw EH perpendi- 
cular to AG ; and mr, MC, perpendicular to EC, 
and confequently parallel to the tangent OK; arid 
laftly, draw the radius Cm ; if the whole weight of 
the wheel be cxprcfTed by CO, in the direction of 
which line that weight afts when the wheel is wholly 
fupported by the horizontal plane at G, that weight 
may be retolved into two others CE and OE, afl- 
ing according to the direftions of thofc lines» dje 
weight CE prcfling againft the top of the im- 
moveable obftacle, and being wholly fuftained by 
it, and the weight OE drawing the wheel down in 
a direiftion parallel to the tangent OEK. Let W 
denote the whole weight of the wheel, r its radius^, 
h the Iieight of the obftacle, and x the part of the 
whole weight which draws the wheel down in a 
direftion parallel to OEK ; and tlien we fhall have 
this analogy -, as x is to W, fo is O E to C O, or 
HE to CE, from the fimilarity of the triangles 

CEO, andCEHi whence x = j-^; butHE 

frotn the nature of the circle, is equal to 
■/AH X HG, or to v^AH x £F, that is. in 



fymbolsj 

W X \/2rh — hh 



V'zrh— hH i and therefore x — 

A force jnft equal to this 

weight, and aifting in direft oppofition to it, that 
is, drawing the wheel upward in the direiStipn CM 
parallel to OK, will juft be able to make the wheel 
reft on E the top of the obltaclc, without fufFerir^g 
any part of its weight to reft on the horizontal 
plane at G. This force muft be incrcafed to pro- 
duce the lame efFeft, if it a£t in any other direftion 
than that of CM. For let it draw the wheel in 
the dire<5tion Cm, m lying between E and M, and 
then the force afting in this dircftion may be re- 
Iblved into two forces, which will be as Cr and rm, 
whereof Cr draws the wheel direftly againft E the j 



w ' 

^^P over Obftaclcs. 371 

' top T)f the obftacle, and fo is loft, 'and mr draws 
it up in a direftion parallel to OK. But mr is lefs 
than Cm or CM, and to become equal to it, and 
confequendy, fufficient to fupport the wheel againft 
the top of the obftacle without fiiffering any part of 
its weight to reft on the horizontal plane, it muft be 
increaicd in the ratio of Cm or CM to rm, that is, 
putting s for the fine of the angle which the direfti- ' 
on of the force makes with CE, in the ratio of r to 
s ; but the force rm cannot be increafed, but the 
-whole force CM muft be increafed in the fame pro- 
portion. And therefore the force '■ — ~ — 

muft be increafed in the proportion of r to s, and 
then, putting F for the force, afting in the direc* 
lion Cm, which is juft fufficient to fupport the 
wheel on the obftacle without fuffering it to preii 

on the plane M U, r = 1 aj 

the fmalleft addition to this force will make it draw 
the wheel over the obftacle. 

Since the refiftance given by the obftacle, is equat | 

to the force that is juft fufficient to' make the wheel 
reft on the obftacle without faffering any part of its 
weight to prefs on the plane of the iiorizon, that 
is, putting R for the refiftance given by the obfta- 
cle, finc e R is equal to F ; R will be equal to 

W X ^2rh — hh 



It is to be obferved, that the direflion of the 
force muft lie between CE and CA ; for if the 
force draw the wheel in the dire(^ion CE it will be 
wholly fpent upon the obftacle, and not in the leaft 
contribute to draw the wheel over it ; and if ic 
draw tiie wlieel direftly upwards from C to A, it 
ivill not make it to prefs againft the obftacle, and 
confc- 



r 
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confcqiiently, however great we may fiippofc it ttf 
be, can nW«r draw it over it. 

Cor. I. If the dire<ftion of the moving force 
change continually, pafling from CE to CM, and 
thence to C P, the fine of the angle which the line 
of dire(flion makes with CE, will increafe in the 
paGage of that line from C E to CM, and decreafe 
in its paflage from CM to C P -, but as s increafei 

or leflens, ■ - - will leflen or increafe j 

s 

and confcquentlythc force F will lefien in the paf- 
fage of the line of its dirciftion from CE to CM, 
and thence increafe in the paflage of that line tO 
C A. So that the force will be leaft when it afts in 
the direftion CM, in which cafe the whole force 
will be employed in drawing the wheel over the 
obftacle ; whereas in all other directions, part of the 
force will be loft by drawing direftly againft: the 
top of the oblbicle. Hence the moft advantageous 
dire(5tion of the force, will be that which makes a 
right angle with CE, in which cafe s will be equal 
, „ W X v^ 7.rh — hh 

10 r, and F = 

CoR. II. If the height of the obftacle be ^ven, 
in which cafe h will be as i, and the force draw the 
wheel in the direftion CM parallel to OK; then 

F will be as . 

If the radii of four wheels be i, 2, 3, 4^ then 

Will , be 1,=--^, ^^-i, ^--i, that u, as 

r 234' 

the numbers 1000, 866, 745, 661 ; and the forces 
requifitc to fupport thefe wheels on the point E, fo 
as not to fuffer any part of their weight to relt on 
the horizontal plane, will be as their weights multi- 
plied 
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plied into thefe numbers refpeftively. The orce re- 
quifite to fupport the firfl: wheel, will be as its weight 

multiplied into 1000, the force requifitc to fupport 1 

the fccond wheel as its weight multiplied into 866 j ] 

and fo of the reft. And if the weights of all the i 

wheels be equal, the forces neceflary to fupport 1 

them, and confequently the refiftances given by ,, 

the obftacle to which thefe forces are equal, will be 1 

2S the numbers 1000, 866, 745, 661. So that ' 

in wheels of a given weight, the lelfer the wheel is, »■ 
the greater will be the refiftance which is given to ' ' 

it by an obftacle of a given height. J 

■ CoR. III. If the height of the obftacle be in- ] 

definitely fmall and given, in which cafe the tan- j 

gent OK will coincide with the horizontal plane ' 
ND, and the point E coincide with the point Gj 

and if the force draw the wheel in a diredtion pa- ', 

rallel to O K or N D i theo will F be as "W X ^, '' 

W ) 

or, becaufe 2 is a given quantity, as — ; and if y 

the weight of the wheel be given, F will be as { 

If the radii of four wheels of equal weights be i, 
2, 3, 4, and the wheels be drawn on a fmooth plane 
parallel to the horizon^ the forces neceflary to put 
them in motion, when they draw in directions pa- 

III 
rallel to that plane, will be as i, -7-, —7-7 -7— » \ 

that is, as the numbers 1000, 707, 577, 500. .; 

And therefore, of wheels drawn on the plane of 
the horizon by forces afting in direftions parallel 
to that plane, leffer wheels will require a greater 
force to put them in motion than greater. 



r 
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Cor. IV. If the height of the obftacle be pftJ- 
portional to the radius of the wheel, and if the 
force draw the wheel in a direction parallel to OK j 

that U, if h be as r, axid F be as ^^'v^"h-hh, 

r 
then will the force, and confequently the refiftancc 
"given by the obftacle, be as the weight of the 

, , - v' 2rh — hh ... , */2rr — rr , 

wheel 1 for will be as — • — - , that is, 

r r 

as I ; and therefore F will be as W. 

CoR. V, If the direftion of the force drawing 

the wheel be parallel to the horizontal plane, that 

is, if mC be parallel to ND ; then will the force 

that is requifue to fuftain the wheel on the point E( 

W xv'arh — hh ^ ■ i,- r l 1 

be — . tor in this cafe the angle 

mCE is equal to the angle CEH, and confequently, 
their fines are equal, that is, s is equal to CH, 
which in fymboisisr — h. And therefore F, which 

. ^ ,, . W X v/arh — hh .... 
univenally is as • , is in this cafe aS 



W x\/2rh_hh 
r — h 

If the height of the obftacle be given, in whicH 

W X s/ -u T 
cafe h will be as I , then will F be as ■ -i 

If the radii of four wheels of equal weight, be 
I, 2, 3, 4i then will F with refpeift to thefe 

four wheels, be as - *^—^. — --, , that is, as 

o 1 ' 2 3 

infinite, 1732, 1128, 882. The height of the ob- 
ftacle is equal to the radius of the firft wheel, inaf- 
much as I have fuppoied them both to be as i } 
and confequently the force muft be infinite to maks 
the wheel reft againft E, and hinder any part of 
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[its weight from prefTing on the Korizontal pl.ane 
^■nx G. 

Cor. VI. The force, is tb the weight of the 

'wheel, as the fine of the angle ECH, is to tlie fine 

of the angle which the line of dire ftion of t he force 

T ■ LT-<- L ■ ^ V^arh — hh 
makes with hC ; that is, ^ =: . 

If the force be one half of the weight of the 
wheel, that is, if F be one half of W, V 2rh — hh 
will be one half of S-, ifPbeequaltoW, v^2rh — hli 
■will be equal to s i and if F be as W, ■/ 2rh — Jih* 
will be as s. 



Of the Motion of Water thraugh Orifices and 
Pipes. 

' P k o B. V. "to detetmine the motion of -water 
Running out of a hole made in the bottom of a vejfel. 

Sir Isaac Newton has given a general folution 
tof this Problem in the following paragraph, which 
is contained in prop. 36. prdb. 8. lib. 2. 

" Sit ACDB vas cylindficum, AB ejus orificium ^ 

fuperius, CD fundiim horizonti parallelum, EF 

foramen circulare in medio fundi, G centrum fo- 

•* raminis, et GH axis cylindri horizonti perpendi- 

" Cularis. Et finge cylindnim glaciei APQB ejuf- 

•* dem efie latitudinis cum cavitate vafis, et zxcra, 

•* eundem habere, et uniformi cum motu perpecuo 

•' defcendere, et partes ejus quam primum attingunt 

** fuperficiem AB liquefcere, et in aquam converfas 

** gravitate fua defluere in vas, et catarai5lim vel 

•* columnum aquae ABNFEM cadendo formare^ 

*' et per foramen EF tranfire, idemque adequate 

** implere. Ea vero fit uniformis vdocitas glaciei 

^ defccudentis ut et aquas contigux in circulo AB, 

B b " quam 
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*' quarfi aqua cadendo et cafu fuo defcribendo alri- 
" tudinem IH acquirere poteft 1 et jaceant JH tt 
*' H G in dircftum, et per pundum I ducatur refla 
" KL horizonti parallela et kteribus glaciei occut^j 
" pens in K et L. Et velocitas aqure effluent 
" per foramen EF ea erit quam aqua cadendo ab t 
" et cafu fuo defcribendo aliitudincm IG acquirere 
*' poteft. Ideoquc per theoremata Galilei erit 
*' IG ad IH in duplicata ratione velocitatis aqux 
*• per foramen effluentis ad velocitatem aquae in 
" circulo AB, hoc eft, in duplicata ratione circvdj 
•" AB ad circulum EF ; nam hi circuli funt red- 
*' proce ut velocitates aquarum quEe per ipfos « 
*' dem tempore et xquali quantitate, adsequai 
*' tranfeunt. De vclocitate aqux horizontem verfui 
*' hie agitur. Et motus horizonti parallelus quo 
*• partes aqure cadenlis ad invicem accedunt, cum 
" non oriatur a gravitate, nee motum horozontt 
*' perpendicularem a gravitate criundum mutct, 
*' hie non confidcratur. Supponimus quidem quod 
*' partes aqux aliquantulum coherent, et per cfr 
*' ha;fionem fuam inter cadendum accedant ad i* 
*' vicem per motus horizonti parallelos, ut unican) 
*' tannim efForment cataraftum et non in plures 
*' cataraftas dividantur : fed motum horizonti pa- 
" rallelum, a cohasfione ilia criundum, hie — 
*' confideramus." 

This Theory Sir Isaac correfbed by experiments 
proved it in fix different cafes, and drew feverai 
corollaries from it. The reafon why a corrcftioa 
was necefiaij will be (hewn in the Scbolmm. Ani 
the truth of his and other corollaries flowing fiui 
this theory, will more eafily appear by exprefling 
the foregoing proportions of the velocities in fyni- 
bols ; to do which let A denote the area of the 
circle AB, a the area of the hole EF, H the line 
HG, which is the perpendicular height of the water 
in the vefiel above the hole, x the height IH, front 
which water or any otlier body miA fall by the: 
a force 
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>rce of gravity from a ftate of reft, to acquire the 
tloeitf of the water in AB, V the velocity of 
ater in its paffage through the hole EF, and v its 
Jocity in the fuiface AB ; and then the propor- 
la will be thus expreffed, H + x . x : : v*. v' : : 
l'. a* i whence, v'H + x . ^x : : V . v : : A . a. 

Coft. I. The height from which a body mult 
ill to acqliife a velocity equal to the velocity of the 

'ater in the furfacc AB, is equal to — — ;, or 

•^ — ~. For by invcrfion and divilion of pro- 
ortion, X . H : : v* . V — v* i : a* . A* — a'j 
rhttiM * = :,/ ■ . ±1 7? — 1- But % denotes IH. 



thetefore IH = 



V-— Y^ 



a'H 
"A'— a* 



Cor. II. The perpendicular height of the 
'ate r in the vefTel, denoted by H, is equal to 

— ' T— ' — , by Cor. i. 

Cor. III. The height from which a body muft 
dl, to acquire a velocity equal to that with which 
le water flows through the hole, is equal to 

ly ' '^ ) or — J. tor by divilion or propor- 

, H + x=IG.H:: V^V':: A'.A'— a% 

feftceIG=^^rz7 = A^=I^* 

Coll. IV. The perpendicular height of the 
irater in the veflel, denoted by H, is equal to 
IG X V^-v* IG X A'— a> . ^ 

— to Ti > »y C^er. J. 




Bb 3 
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Cor. V. If the area of the furface be equal W 
the area of tiie hole, H will be nothing in compft- 
rilbn of IH and IG which will be equal. For if 
A be equal to a, H wilt be nothing, by Cor. 2. and 
IH and IG will be equal and infinite, by Ccr. i, and 
Cor. 3. 

The truth of this Corollary may likewife appear 
from the nature of gravity. For if A be equal to 
a, V muft be equal to v. But V can never be equal 
to V while there is any acceleration of the motion of 
the water in its defcent thro' the veflel, as there 
will always be till H becomes nothing in compari- 
fon of the equal lines IH and IG, which in this 
cafe muft be confidered as infinite. 

Cor, VI. If a be greater than A, in which cafe 
A* — a' will be negative, H will be negative, by 
Cor. 4 ; and I G, and confequcntly V, will be aiEr^ 
mative, by Cor. 3. But a negative perpendiculal 
height of the water in the veflel, and an aflirma- 
tive velocity of the water (lowing through the hol^ 
require an inverfion of the veflel or a turning of ia 
bottom upwards ; by which inverfion the hole will 
become the upper orifice, and the upper orifice the 
hole J a will become A, and A become a ; and 
the velocity will be affirmative, that is, the 
will move downwards, as it ought to do from the 
nature of gravity. Farther, when a is greater lluR 
A, the veflel will be conical with its wider etui, 
downwards ; but from the nature of gravity, watef 
poured in at the top or narrower end of fuch a veffct 
will dcfcend in a cylindrical column, which will Ml 
fill the bafc, as the foregoing account of this mo- 
tion requires ; and therefore, to give this cafe the 
conditions required, there muft be an inverfion d 
the veffel. 

Cor. Vli. If the hole be fmall, and the fur- 
face of the water infinitely large, both a aod v may 
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be confideicd as o with refpeifl: to A and V ; con- 
lequcntly IH will be o, by Cor. i . and IG will be 
equal to H, by Cor. 3. 

In this cafe, and this only, the fuperficial parts' 
of the water have no velocity at the very beginning ' 
of the motion, but begin to defcend from a ftate 
of reft, as quiefcent bodies do when the fupport is 
taken away. In all other cafes, in which a and v 
have feme magnitudes when compared with A and 
V, the fuperficial parts of the water fet out with 
fome velocity, and do not begin to defcend, on 
die water's beginning to flow through the Iiole, as 
heavy bodies near the furface of the earth begin to. 
defcend from a ftate of reft.- 

CoR. VIII. If the ratio of the furface to the 
hole be given, as it will be \yhen each of them con- 
tinues the fame, or when both of them change in 
the fame proportion ; the velocity in the furface 
win be proportional to the velocity through the 
hole, and both will be proportional to the velocity 
which would be acquired by a body in falling 
through a height equal to the perpendicular height 

ttf the water in the velTel. If — be given, ~ will 

be given 1 and confequently v will be as V. And 

fince — is given, ■ ■■ • „ and t~- j_ ~ t will both 

be given ; and confequently both IH and IG will 
be as H, by Cm-, r, and Cor. 3. But v and V are 
as ^IH and ^IG. And therefore, both v and V 
will be as ^H. 

By this Corollary^ when A and a continue Inva- 
riable,' and the heights of the water in the veflel 
are i , 4, and 1 6 feet ; the velocities in AB and 
EF will be as I, 2, and 4. But bodies placed at 
fmall dlftances from the furface of the earth, do all 
begin to defcend with the fame velocliv very nearlv. 
Bb 3 ■ a 
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a^ has been proved by experiments. Aod therci-- 
fere the j^upcrficial parts of the water, in this ojc, 
begin to defcend in a very different manner, or 
with very different velocities from that with which 
a heavy body placed at thole heights, begins to 
defcend from a ftate of reft. The velocity in AB, 
is regulated by the velocity in EF, and the ve- 

Ipcity in EF is always mcafured by y' H, -when -* 

is ^ven, 

Cojt. IX' The velocity of the water in the fur- 
ftce AB is Klways the 4- pw^ of the velocity tfm^ 

(hf hole, that is, v is the — part of V, or in other ■ 

aV 
words, V ^ -T*. When a is nothing in proportioi^ 

to A, as we may fuppofe it to be, when a is veiy 
fmall, and A exceedingly great, then will v be no 
fenlible part of V, that is, it will be nothing •■, and 
confequently, the iuperficial parts of die water will 
in this cafe.begin their motion, as heavy bodies dO| 
from a itare of reft, 

CoR. X. The whole motion of the defcending. 
column AMF-FNB, is equal to the motion of 4 
cylinder of water, whofe bafe is a, whofe altitude 
is H, and whofe velocity is V, that is, to the mo- 
tion aH X V. For Va is equal to vA, that is, the 
motion of the water in EF is equal to its motion in 
AB ; and from the nature of the defcending co- 
lumn, each of them is equal to the motion in any 
fcftion of the column parallel to EF or AB ; and 
coniequently, the motion in all the feftions, fuppof- 
ing them to be indefinitely many, that is, the wholC' 
motion of the defcending column, will be equal to 
the motion in the hole multiplied into the niimbcr 
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of fedions, that is, to Va x H, or aH x V. This 
property has been proved by Dr. Jurin. 

Cor. XI. The force which can generate the 
■whole motion of the water running out of the hole, 
is equal to the weight of a cylinder of water whofe 
bale is a, and altitude is 2IG, by Cor. 3 ; that is, 
equal to the weight of a cylinder of water, whofe 

magnitude is 2aH X V 7 2_ ~" f ^°^ '" ^^^ isms 
time, in which the water running out is equal to this 
cylinder, this cylinder, by falling from the height 
IG by the force of its gravity, will acquire a velo- 
city equal to that with which the water runs out. 
But when the quantities of matter and velocities of 
two bodies are equal, their motions, and confe- 
quently the forces which can generate thofe mo- 
tions in equal times, will likewife be equal. And 
therefore the force which can generate the whole 
motion of the water running out of the hole, is 
?qual to the weight of a cylinder of water, whofe 

magnitude is zaH x rriTTT- 



CoR. XII. The weight of the defcending co- 
lumn AMEFNB is equal to the weight of a cylin- 
der of water, whofe bafe is a, and whofe height i? 

~r — , that is, whofe magnitude is 2aH x -. — ::-. 
A + a "^ A + a 

For let 10 be a mean proportional between IH and 

IG. and then ^IH . ^\G : : IH . lO : 1 10 . IG 

: ; a . A ; and, by divifion of proportion, HO . IH 

: : OG . 10 ; and by alternation and GompoJltion, 

HO+OG. 2HO :: IH + IO.2IH :: a + A.2a. 

But, by Cor. 1 1. in the time a drop of water falls 

by its own gravity from I to G, the quantity of 

water difcharged by the hole will be equal to 

a X 2IG, or A X 2IO ; and in the rime the drop 

£ b 4 defceDds 



1 



isi 
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defccnds from I to H, the quantity of water ^ 

through the fiirface AB, and dHcharged ty the 
hole, will be equal to A x 2IH, and the diSerence 
of thefe quantities, namely A x 2HO, will be the 
quantity difrharged in the time the falling drop de- 
fcends from H to G, which quantity is the column 
AMEFNB; foF in the time the drop defcends 
from H to G, the Iiiperficial parts of the water, 
fettingout with the velocity of the drop at H, and 
dcfccnding freely and without refiftancc, will reach 
the hole. And therefore, all the water in the vef- 
fel will be to the water in the column AMEFNB, 
as A X H is to A X 2HO, or as H = HO + OG 
to 2HO ; or as a -i- A to 2a ; whence, putting Q 
for the quantity of water in the defcending column, 
AxH.Q^:: A+a.2ai and confequently, 

&;= 2AH X ^. 

This Corollary inay be proved in another manner, 
thus. The cataraft is the difference of the two 
hyperboloids KAMEFBL and KABL, fuppofing 
the alTymptote KL to be infinitely extended both 
ways, and the area AB to be infinite -, but by 
Buxions, as Dr. Jurin has (hewn, the hyperbo- 
loid KAMEFNBL is equal to 2a X H +"x, or to 

— ~, becaufe H is equal to j by Cor. 2 ; 

and the hyperboloid KABL, i? equal to zAx, and 
the difference of the two is — 2Ax zz 



or, by fubflituting 
A'x — 



All the water in the veffel is AH 
A'x 



■ in the room of H, 



vefTcl 



and confequently, die water in the . 
the water in the cataract. 
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that is, after due 



reduftion, as A -f a is to 2a. Therefore AH . Q 
A - 

: : A + a . aa : whence, Qjz. aaH x T-7— ■ 

Cor. XIII. The weight of all the water in the 
veffel, is to the weight of that part of it which is 
fuftained by the bottom, as the fum of the circles 
AB and EF is to their difference. For, fince 
A X H . Q^: : A + a . 2a, by Cor. 1 2. A x H . 
AxH — Q^::A + a.A + a — 2a— A— a' 
by divifion of proportion. '-,' 

Cor. XIV. The weight of the water which the 
bottom fuftains is to the weight of the cataraft, as 
the difference of the circles AB and EF, to twice 
the leffer circle EF. For A X H . Q^: : A + a . 2a, 
by Cor. 12. And by divifion ot proportion. 
Ax — Q_.Q^;: A + a— 2a= A — a.2a. 

Cor. XV. The weight of water which the 
bottom fuftains, is to the weight of water perpen- 
dicularly incumbent thereon, as the circle AB, is to 
the fum of the circles AB and EF. For the weight 
of water which the bottom fuftains is A x H — Q 
^^, 2aHA , „ A'H — aAH 

= AH — , by Cor. 12. = r— ■. 

A + a' •' A + a * 

and the weight perpendicularly incumbent on the 
Jjottom is A — a x H ~ AH — aH. But 
A'H — aAH ^ ^, „ ^. Art,, 

— -p^ri — • ^^ — aH : : A- — aA . A* — a'' 

: : A . A + a by dividing by A — a. 

CoR. XVI. The quantity of water in the de- 
fcending column is to the quantity perpendicularly 
incumbent on the hole, as twice the circle AB, is 
to the fum of the circles AB and EF. For the 
5 quantity 
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quantity of water in the defcending column U 

2aHXT4-- ButzaHx T4--aH::.-^. 
■ A + a • A+4 A-^4 

1 : : 2A . A4- a. 

Hepcc, wlien a U nptJiing, as we may fuf^ofc it 

to be when A is infinitely great, the defcending co- 
iutpn will be equal in magnitude to 2aH, as Dr. 
Jupifj has ftiewa it to be by determining its mag- 
nitude by fluxions. 

CoR. XVTI. Thffi weight of the defcem^ng 
column, is to the weight of water which can gene- 
rate the whole motion of the water running out 0/ 
the hole, as the difference of the circles AB and EF, 
is to the greater circle AB. For, putting F for the 
force or weight \yhicli can generate the whole tno- 
tion of the water running out of the hole, and fup^ 
pofing Q_to denote the weight of jhe defcending 
column, we ftxall have F ctjual to the weight of a 
quantity of water whofe magnitude is 2aH X 

- ,_j — , by Cor. 11. and Q^ equal to the weight 

A 
of a quantity, whofc magnitude is 2aH x .- ' " '--,' 

by Ccr- 12- Atid therefore, Q^. F : : 2aH % 

W " , . 2aH X Tt : : : I . t ■ '" — : : A — a . A. 

Hence Q_= x — > and F = ■ ^ ■ _ ■ -, and con- 

fcqiiently, the force which can generate the whole 
motion of the water running out of the hole, will 
always exceed the weight of tlje defcending co- 
lumn, except when a becomes o, as we may fup- 
pofe it to do, when it is very fmall, and A exceed- 
ingly great. 

CoR. XVIII. The force which can generate 
(he whole motion of the water running out of die 

bole. 
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hole, JG to the weight of water perpendicularly in- 
cumbent on the hole, as twice the Iquare of the 
greater circle AB, to the difference of the fquares 
of the circles AB and EF. For the force which 
can generate the whole motion of the water run- 

JRET out of the hole, is the weieht ef 2aH x :: 

quantity of water, by Cor. 11. and the weight of 
W3-ter perpendicularly incumbent on the hole, is the 

wcj^ of the cylinder aH, But zaH X 7; ;. 

pH :: 2A*,A'— a'. In the faane ratio is th? 
whole motion of tlie effluent water to the motion 
of the water in the cataradt. 

Con, KIX. If in the middle of the hole be PI. n. 
placed a Utile circle PC^ parallel to the horizon, ^'S* 3- 
whofe center is G, and if the area of this circle be 
called o 1 the weight of water which it fuftains dur- 
ing the efflux of the water through the ring furr 
rounding it, is to the weight of half the cylinder 
oH, as a to a — 4°; if R denote the weight fuf- 

tained, R is to — , as a to a — 4®) and R is equal 

to . For if we fuppofe A to be contrjiSed 

till it becomes equal to a, in which cafe IH will be 
infinite, by Cor. 1. the water, notwithftanding this, 
- vill deicend about the column PQH which the 
Ijttle circle fuftains with velocities, which are every 
\ where in the fubduplicate raiio of the diftance from 
I KL, and likewifc in the reciprocal raiia of the fe^ 
veral feftions through which it paffes ; confequent- 
ly, the cataraft AEPHQFB, is equal to the dif- 
ference of the two hyperboloids PEAKLBFQH 
and AKLB. Bur di e hyperboloid PEAKLBFQk 
;=: 2a — 20 X H -|- X = 2aH — 20H -f- aax — zox; 
and the hyperboloid AKtB is zaxj and the diffe- 
rence 
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rcnce of the two is aaH — 20H — 20x, which 
the cataraft AEPHQFB. The ratio of all 
water in the veffcl to this anmilar cataraft, 



1 

ichis I 
1 the I 



— r — — 7j : — . But from the nature of the mo- 

tion of the defcending water, a is to a — o, as 

•H+lV. whence H = "°''-°<"' . The 

a* — zao + oo 
foregoing ralw^ when this value of H is fubltituted 

in its room, wili, after due reduction, become ^ ° . 
2a — 20 

Therefore aH, the whole quantity of water in the 

vcflel, is to the annular cataraft, as 2a — o to 2a — 20; 

whence the annular cataraft is ^ , which 

being fubdufted from aH, leaves for the 

quantity fuftained by the little circle o. Confe- 
quently, R = — ^- ; and R . — ; ; a . a — ^o. 



; SCHOLIUM. 

Upon examining this motion by experiments. 
Sir Isaac NeWtqn found the velocity ot the water 
in its palTage through die hole to be lefs than it" 
ought to be, if the water in the veflel defcended 
from the furface to the hole freely and without re- 
liftance, in the proportion of i to ^2. For he ob- 
ferved the vein of the effluent water, and found it 
to contraft and grow narrower, to the diftance of 
about a diameter of the hole below it, at which 
place he meafurcd the diameter of the vein, and 
found it to be lefs than the diameter of the hole in 
the proportion of 21 to 25, and confequently, the 
area of a feftion of the vein at that place to be lefs 
than the erea of the hole, in the proportion of 441 
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to 625, that is, of 1 to ^2. But as the vein con- 
traifts the velocity tncreafts. And therefore, at the 
diftance of a diameter of the hole below it, the ve- 
locity will be greater than in the hole in the pro- 
portion of v* 2 to f . If I G be four feet or 48 in- P|- ' ' 
ches, and the diameter of the hole be i inch, i add- ^^^' ' 
cd to 48 will make the height from the place where 
the velocity is grcateft to be 49 inches ; and if the 
velocities of the defcending column in the hole and 
that place, were truly meafured by the fubduplicatc 
ratios of thofe heights, as they would be if the wa- 
ter defcejided freely and without refiftance, they 
would be nearly equal, being as the numbers 69 
and 70. And therefore, the velocity of the water 
in the hole is lefs than it would be if it was propor- 
tional to ^IG, in the ratio of i to ^2. This di- 
minution of velocity can be owing to nothing but 
the lateral motion of the defcending water, retard- 
ing its perpendicular motion downwards, and mak- 
ing It lefs than it otherwife would be, in the faid 
ratio of I to 4/ 2- Hence, the velocity with which 
the water flows through the hole is very nearly 
equal to the velocity which a body, by falling 
freely and without refiftance from a ftate of reft ac 
I, would acquire in defcending through 4IG. For 
the velocity acquired in falling through 4I G, is to 
the velocity acquired in falling through IG, aS 
i to ^2. 

According to Sir Isaac Newton, a body fall- 
ing in vacuo from a fmall height above the furface 
of the earth, will defcribe 1934 inches, or 164^ feet 
In one fecond minute of time, and will have acquir- 
ed a velocity at the end of the fall, which being 
Continued uniform, would carry it through twice. 
ihat fpace, that is, 386^ inches or 32 |- feet, in an 
equal time. But uniform velocities are as the 
fpaces defcribed by them in the fame time, and the 
velocities acquired byabody falling invacuo through 

tlie 
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f 

I 



the fliaCrt J6-J, and Gl or r ; ' ZJ '"' *'"* "• ''^ 
fubduplicate ratios of thofe fpaces ^ and dufftfore 
32|.V::v''j6^.v'aC~?' Whence, V= 8.02771 ! 
V^^liir^f^^^ = 9^-33270 v^A^ITj. inches. And 

leffening thefe meafures of the velocity of the watet 
flowing through the hole, the rfl/jfl of I tOv'Zjthatis, , 
dividingeachby 1.414, we (hall have V— 5.6775 1 96 , 
V'Anr? ^^^'' = 68.1378352 v'^r—-^ inches. ' 
Thefe are the true meafures of the velocity of flie 
water in its palfage through the whole; which ve- 
locity is therefore fuch a3 curies it at the rate ! 
A'H J 

of 5.6773'96 *^^ir? *^^*» °^ 68.1278^51 

V^' , — *-; inches, in a fecond minute of time. ' 
Thefe expreflions may be fhortened, if A be con- 
fiderably grcatet than a, for In all fuch cafes rrj — -j ! 

will be fo nearly equal to H, that - .^ - , may be I 

fafely rejefted ; and then the foregoing meafureS of 
the velocity will become 5.6773196 v'H feet, Of 
68.1Z78352 v'H inches. Tolhew the truth of this , 
by an example, let A be 1 00 fquare inches, and 

a I fqilate inch, and then -rz — : will be • 

H ^^^' i 

if H be four feet or 4.8 inches, will be I 

' * 9999 ! 

48.064-8 inches, which is only greater than 48 by 
48 parts of an inch divided into 10000. The ex- 
cefs is fo ftnall, Aat it may be fafely rejected. 

Another true meafure of the velocity of the water 
flowing through the hole, will be had by dividing 
ihe quantiiy of water difcharged, by the area of th« 

hole 
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Tiole and time of the difcharge, taken together ; tht 
quantity of water difcharged being cxpreffed in cu- 
bick inches, the area of the hole ih fquare inched » 

or pirts of a. fquare inch, and the time of the diP- 
chtlfge in feconds. Let Q^denote the quantity dif* 
< charged, d the diameter of the hole, and t thft 
time of the difcharge, and then V will be meafured 

bv — =: — ^ ^ , ■ ,; inches, which will be the 

■' kt o.7853QSi6d^i 

fpace defcribed in one fecond of titne. 

This ineafure is equal to the forfnef, that ist 

o.;a53'^8.6d-t = 68.i27S352^Hi and oonre- 

quendy, Q_= 5 3. 5byj\.y 6 i^-d't^H. cubick inches j 
br 13555. 227el't4/H gi'ains -, btcaufe a cubiclt 
inch of Water weighs 2534- grains. If W denote 
the weight of water difcharged, then will W = 
i3555-32dVH grains. 

in order to know, whether the velocities of 
iffater flowing through circular holes of different 
diameters, when placed at the fahie perpendicular 
diliance from the flirface df the water, be all equal ^ 
what relation the velocity of water flowing through 
a hole, bears to the vdlocity of water flowing 
through an horizontal pipe of an equal diameter, 
infened into the fide of a vefTcl at an equal per- 
poidicular diftance from the furface of the water; 
And under what circumitances the meafure of the 
velocity laid down in my Animal CEcoKomy obtains ; 
I fay, ih order to know thefe things, I caufed a 
proper apparatus to be made, and from the ex- 
periments made with it, I compofed the following 
Tables. 
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TaJLE I. 1 


t 


H 


d 


W 


w 


w 


lO 


4 


TT 


2711 


2944 


1086 






■Tff 


+3377 


47040 


1084 






TTJ 


67776 


72960 


1076 






1-y 


■73507 


178560 


1029 




2 


T^ 


1917 


2087 


1088 






Tff 


30672 


33600 


1095 






A 


479^S 


51840 


I0S2 






tV 


122688 


128400 
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Table 11. | 
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1 
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1 


w 


d 


1 


w 


127,6 


■ra- 





47040 


Ts- 





17S560 
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14C|S<; 




d 


54720 




d 


204720 




2d 


14400 




2d 


56160 




2d 


224640 




3d 


13792 




■'^ 


52800 




3d 


217440 




4d 


,728 




4d 


52220 




4d 


212160 




-^d 


,66, 




5d 


51600 




5d 


203520 




od 


268, 




lod 


47040 




I6d 


188160 


1 












23d 


178560 



The iirft Table contains, in the firft column, un- 
der t, the time of the dilcharge in feconds; in the Te- 
cond column, under H, the perpendicular heights of 
the water above the hole in London feet ; in the third, 
the diameters of the hole in parts of an inch j in the 
fourth, under W, the weights of water in grains, 
which ought to have been difcharged by the theory 
or foregoing rule i in the fifth, under w, the weights 
of water in grains which were difcharged by expe- 
riment, each weight being a mean taken from five 
or fix experiments -, and in the fixth column, un- 

dcr r;^, the ratio of the weight difcharged by ex- 
periment. 
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periment to the weight which ought to have been 
difcharged by the theory. 

The fecond Table confifts of three parts, and 
each part of three cohimns. The firft column of 
each part, contains the diameter of the pipe in 
parts of an inch ; the fecond contains the lengtha 
of the pipe in the terms of the diameter, beginning 
with the hole, which may be confidered as a pipe 
of an infinitely fmall length exprefled by o ; and 
the third column contains the weights in grains 
difcharged in ten feconds, each weight being a 
mean taken from paiticular experiments. The 
holes and pipes were all at the pc:rpendicular dif- 
tance of four feet from the furface of the water, fo 
that here t was lo feconds, and H four feet. 
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814 






2 
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8S20 
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8240 


1494 




2758 


4040 
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'751 






16 30S3 

2j 2466 
361 2055 

49 1762 
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64I >54^ 
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1326 


1720 






»i| 137^ 


3062I2235 
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1120 


'6351 






97 '252 


27002156 




626 


940 


1,502 



The third and fourth Tables confifl: each of iwat 
parts corrclponding to different perpendicukr heigh ta fl 
of the water in the vcffel, and different diameters o^ U 
die pipes. In both Tables, H denotes the per-i 
pendicular height of the water in the veffel aoove 
the pipe in feet ; 1 the length of the pipe in inches t 
W the weight in grains which ought to be difchargs 
ed by the firft Propojtiion of my Animal (Economy -, WJ 
the weight in grains wtiich was difcharged by expW 

rimcnt j and — the ratio of the weight difcliargedj 

by experiment to the weight which ought to havcf 
been difcharged by that Proportion. The diameter) 
of all the pipes in the third Table was VW of an) 
inch, and-« all the pipes in the fourth Table VV 
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of 31) inch. And the time of the difcharge was 
o fcconds in' ali the experimefits of both Tables. 
The quantity or weight of water which ought to 
be difcharged by the firft Propcfition of the Animal 
CBeonimy-, naay be thus found. I there proved, 
that the velocity of water flowing thro' a pipe, b 

as y'-. But if the force which can generate the 

motioti of water flowing through a pipe lying pa- 
rallel to tlie horizon, be equal to the force which 
can generate the motion of water Rowing through 
a hole of an equal diameter with the pipe, when 
placed at an equal perpendicular diftance from the 
furface of the water ; F, by Cer. 1 1 , of this Problem^ 
will be as 2d'H, on fuppofition that the area of the 
hole is cxtreamly Imall in comparifon of the area 
of the furface of the water. And therefore the ve- 
locity of water flowing through a pipe lying parallel 

tc- the Iiorizon, is as ^ — j— . The weight of wa- 
ter difcharged, is as the orifice of the pipe, the time 
of the difcharge, and velocity, taken together j 

that is, as d'tv^— j— . And therefore, W is as 



A pipe of -,V of an inch in diameter, and i inch 
in length, difcharged 2180 grains of water in 10 
feconds, when it was inferted into the fide of the 
vcfiel at the perpendicular dlftance of two feet from 
the furface. In this cafe therefore, d, t, H, 1, were 

0.1, ID, 2, I ; and d't/— J— was equal to 0.06326, 
Hence we may find "W in other cafes by this ana- 
logy 1 2180:0.06325 : : W ; d'tZ-p; whence 



W — 48746. jd'-tZ-j- grains. 
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In the firft part of the third Table, W is — tj-, 

and in the firft part of the fourth Table, --—- ; 

and W in the fecond part of each Table is one half 
of W in the firft part. 

Observations on the Tables. 
Obs. I. By the firft Table the difcharges by ex- 
periment are nearly proportional to the difcharges 
by the theory, liiat is, w is nearly proportional to 

W, or ^ is nearly the fame, whatever be the dia- 
meter of the hole, provided the time of the dif- 
charge, and the perpendicular height of the water 
in the veflel above the hole, be given. The dif- 
charges by experiment were all fomething larger 
than the difcharges by the theory, which might be 
partly owing to the pouring in of the water at tiie 
top of the veflel, in order to keep the veffel con- 
ftantly full during the lime of the difcharge ; for 
the pouring, tho* it was done gently, might a little 
increafe the velocity wherewith the water ran out 
of the hole. 

Obs. II. By the fecond Table, the weight of 
water difchargcd, and confeqiiently the velocity, in- 
creafes from the hole till the length of the pipe be- 
comes equal to about twice its diameter, that is, 
till 1 becomes equal to about 2d, and is greater there 
tli.in a: any other length of the pipe. The greateft 
velocities in thefe pipes in proportion to the veloci- 
ties through their refpeiftive lioles, are as the num- 
bers 1130, 1258 to 1000. 

Obs, in. From the length of twice the diame- 
ter, that is from the length 2d, the velocity lelfens 
continually on increafing the length of the pipe, and 
becomes equal to the velocity through the hole 
when the length of the pipe becomes equal to about 
22.3657dv'd inches. For, by the fecond Table, 

tlie 
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the velocities of the water flowing through the 
pipes, were nearly equal to the velocities through 
their refpeftive holes, when the lengths of the pipes 
were lod, i6d and 23d, that is 2 inches, 6.4 inches, 
and 18.4 inches. But 2, 6.4, and 1S.4, are nearly as 
I, 2.8, and 8, the fel'quipUcate ratios of 1, 2 and 4, 
and I, 2 and 4, are as the diameters ^g, ,V and 4-s- 
And therefore the velocities of the water flowing 
through the pipes, were nearly equal to the veloci- 
ties through their refpeftive holes, when the lengths 
of the pipes were in the fefquipHcate ratios of their 
diameters. The diameter of the fmallell pipe be- 
ing 4s of an inch, d/d is 0,0894 -, and if d be of 
any other magnitude, and 1 be the length of a pipe 
of that diameter through which the water flows 
with a velocity equal to that with which it flows 
through its correfponding hole, we Iliall have this 
proportion ; as 2 is to 0.0894, fo is 1 to d/d, 
whence 1 =: 22,3657dy'd. 

Obs. IV. By the third and fourth Tables, the 
quantity of water difcharged by experiment in pro- 
portion to the quantity which ought to have been 

difcharged by the thcon,-, that is — , increafes gra- 
dually till the pipe comes to be of a certain length, 
and after that it decreales gradually on increafing 
the length of the pipe, In the two parts of the 
third Table this ratio was greateit, when the lengths 
of the pipes in inclies were about 2.0 and 1 o, and it 
was greateft: in tlie two parts of the fourth Table, 
when the lengihi of the pipes were 8 1 and 36. But 

from the courfe of the numbers exprcfling — in 

the fecond part of the fourth Table, I think this 
ratio would have b^-t:n greater in a pipe of 40 inches 
in length, than in the one I ufed of 36, and there- 
fore {hall fnppofc that it would have been greateft 
■At the Icngtfis of 81 and 40. Conffquently, put- 
ting ^ for tiie length of ihc pipe in inches, at which 
C- c ^ this 
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this ratio is greareft, x will be as VH wlien d u 
given, and as d* when H is given, and whea net- 
ther d nor H is ^ven, as dVH. ' Hence vre msy 
fprm a rule for finding the Icngdi of the pipe, ac 
which this r^a^/'s Ihall be a tsaximum ; for it was a 
, naximim in a pipe of -/s'Sh of an inch in diameter, 
when its length wait to inches, and the perpendicular 
height of the water in the veflbl two teet. In tim 
cafe therefore K, d and H, are 20, 0.1, and 2, 
and d'v^H is 0.01414 i and in other cafes, x may 
be found by this atialogy ; as zo is to 0.01414, fe 
is X to dVH i whence x is eq\ui to i+i4^*v'H. 
To fee whether this rule be univcrlal, and olxaiQ in 
pipes of greater diameters, and at greater diftances 
from tlie furface of the water, I fliali fuppofe d 
and H to be 0.5 and 5, as in our Author's Table 
p. 227, and then i4i4d*^/H will be about 600 
inches or 50 ftet, which length is twice as great as 
it was in reality •, for the ratio was a maximuw by 
that Table, when the length of the pipe was 25 
feet 1 fo that the value of x here determined 
feems to obtfun only in pipes of fmall diame- 
ters. 

Obs. V. By the third and fourth Tables, the 
quantity difcharged by experiment in proportitm 
to the quantity which ought to iiave "been dif- 
charged by the theory, diat is — , dues not differ 
much in pipes whole lengths are within certain li- 
mits, -rr,, in the pipes, whofe lengths were 6 

and 32 in the firfl; part of the third Table, is Icfs 
than in the pipe where this ratio is a maximum, in 
the proponions of 100 to 112 and 110, and the 

difference of -^ and the maximum is ftiU lefs in 

pipes of all other lengths between 6 and 32 j fo that 
m this pirt of the Table, 6 and 32 are the limits, ,' 
at and within which there is a near agreement be- 
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ffrWB theory and experiment. ~ in the pipesi ^^| 

whole lengths are 4 and 1 6 in the fecond part of this ^^H 
Table, is lefs than in the pipe where this ratio is a ^^| 
maximum, in the proportion of about 100 to 109 ^^H 
and loS, and it is Itill lefs in pipes of all othef^ ^^H 

lengths within thele Umits. And — in the pipes* *^^H 

whofe lengths are 9 and 64 in the fecond part of tlie^ ^^H 
fourth Table, for the pipes were not carried to^ ^^H 
fuch lengths as were necelury to fettle tlic limits la, ^^H 
the firil part, is lefs than the maximum in the pro-, ^^^| 
portion of 100 to iiS and 120^ and it is Hill lefs. ^^H 
in pipes of all other lengths within thefe limits. ^^H 

Oes. VI. By the third and fourth Tables, the ^^| 
quantity of water difchai'ged by experiment always, ^^| 
exceeds the quantity whicli ought to be difchargetj.' ^^| 
by the theory ; it was near double witliin the limica, ^^H 
of the firll part of the third Table and lecond part af ^^| 
the fourth, and greater in the fecond pait of the third. ^^| 
Table in the proportion of 5713 to 3S58. If wefup- ^^H 
pofe it to be double within the limits, in pipes of aii, ^^| 
lengths, then will w be equal to 2W, orto57492.CHl's' ^^| 

yZ-j- grains, W being equal to 48746. ^d'tyZ-p ^^| 

grains, as was Hiewn ab^ve. ' ^^| 

i;.., Of the Foci of Optick.GlaCTes. i ^H 

. 3E*rob. VI. If the diftance of en ohje£i from a doubU ,^^^ 
convex lens whofe furfaces are fphertcd; if the radii of 1 

both the fpherical furfaces-, the thicknefs of the lens, and 
thefims of incidence and refraiiien, he all^ven -, thence 
to determine the dijlance hcbind the Icfls of the principal 
focus or coTtcourfe of the rays iffuingfrom the ohjefl and 
falling perpendicularity or very nearly fo, on that fitr- 
fdce of the lens which is turned towards the cbjeit. 

Let MN be a lens, E and e the centers of its P'. u. 
fpherical fu:fices MCN and MDN, Q^an objeft F'2- S- 
C c 4 placed 
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placed diredly before the kns-, Qg a line drawn 
irom the objeft perpendicular to the furfaces of the 
/cKj, and confcqiiendy pafling through the centers 
e and E ; let the point A be indefinitely near to C, 
in which cafe QA and QC may be looked upon as 
equal % let q be tlie focus or concoiirfe of the rays 
QA and QC after the hrft refraftion by the furfiicc 
MCN, and z their focm or concourfe after the fe- 
cond refraftion by the furface MDN. Put D for 
QC the diftance of the objeft from the lens, r for 
the radius CE, ^ for the radius eD, x for Dq, the 
diftance of the focus behind the kn^, after the firft 
refraftion, and z for Dz its diltance behind the 
Uns after the fecond refraftion i and laftly, let I and 
R denote the lines of incidence and rcfraftion of the 
rays pafling out of air or any other medium into the 
firft lurface MCN, and confeqnently R and I the 
lines of incidence and refraftion in their paflage out 
of the fecond furface MDN into air or that other 



PI. u. 



v\i: s- 



To determine z, we muft firft determine the 
meafure of x in known terms, to do which draw 
AF perpendicular to Qq, EI perpendicular to 
QAI the incident lay produced, and ER perpendi- 
cular to the refracted ray Aq -, and then, from the 
fimilarity of the two triangles Qj\ F and QIE, and 
alfo of the triangles qAF and qER, and from QA 
being equal to QC, and qA equal 10 qC, we ftiall 

have AF equal to — — — , or, in fymbols, to rr-r-, 

by the two firft triangles, and by the two laft tri- 

, , Cq X ER . ^ , , Rx 

angles, equal to — ^ — r, or, in fymbols, to 



DI 



Kq 



, Rx 

equal to , 



and : 



Confcquemly, _ 

DIr 

Ol_DR— Ri" 

Having foind the meafure of x or Cq in known 

terms, z 9r,tz may be thus d(?W|iiuiicd- For that 

" '' -' -'■■ ■ meafure," 



I 
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meafure, that is for dV— dr— Rr ' P"^ ^' *° ^* 
and qa produced draw the perpendiculars el and cR, 
and draw am perpendicular to Qg, And then, 
from the fimilarity of the triangles qam and qRe, and 
alfo of the triangles zam and zle, and from qa being 
equal to qD, and za equal to zD a m will be equal 

to ^— from the firft triangles, and equal to t 

from the fecond. cR is the fine of inci- 
ze 

dence of the ray Aa falling on the fecond furfacc 
MDN, and el the fine of its refraftion ; and there- 
fore cR will be I, and el will be R. qD is equal 
to qC — CD = A — t, putting t for CD the 
thicknefs of the lens 1 and qe is equal to qC + cC 
= qC -f eP — CD = A + e — t j confequently 
RxA^TT iz , . .. . ■ 

. , = ' ■ v" ' ■' ^nd from this equation, A — 

Ifz + Rc7. + Rtf — Itz T, , , DIr 
RzJ-R —I ■ ^"' ^ denotes 

. J , r IpZ + RtZ + Rtp — Itz 

And therefore - — =; ■„ -, = rr^ — =,. „ . 

Rz + Rp — Iz Dl-DR-Rr 

By clearing 2 in this equation, we (hall have z = 

D I Rr { + RRr;f + DRR<t — D I Rg t 

DII5 + iDIRl^-DIlt— D1R{— DRRi— IRrJ— RRrt+ IRrt— DIRr^- DIIR' 

To give this equation a more fimple form, di- 
vide botli numerator and denominator by I — R; 

and then the numerator will become t—tt X IDrg 
^ j- __^ X Rr^t — DRft, or by putting B inftead 
of j^-jj, EIDre + BRrgt- 

minator will become IDr + IDg — IDt + RDt +" 
Rrt — BIrgi and the equation will be reduced to 
another form, and i^and thus ; 

. lifi>p+ BRrpt— -DRpt 

" IDr + IDp — Jl)t + KDl 4- Rrt — au-f ' 

5 This 
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This is Dr. Halliy's univerfaJ Theorem for 
finding the principal focus of rays falling diverging 
on a double convex lens., publiihed in the Philofa- 
phical TranfaSiiens. 

It the rays inftead of falling diverging, fall pa- 
rallel on a double convex Utis^ as they will ne^ly 
do, when the objed is at an immcnfe diftance from 
the lens, D in this cafe may be confidered as infi-, 
rite V and confequencly, all the terms in which D 
is not found, may be thrown out of the equation, 
BIDrf — DRfC 



and then z = 

BIrf — Rft 



iDr + lOf — lUc + Kl>t 



Ir + f f — Ii + Rt' 

And laftly, if the rays fall converging on a double 
convex lens^ the figns of all the terms in which D 
is found muft be changed ; far when tJie laj-s fall 
converging, the point behind the lens to which 
they tgnd at their incidence, muft be confidered as 
the place of the objcft, which, from its being dif- 
ferently fituated with refpeft to the lens from what 
it is when the rays fall diverging, requires the figns 
of ail the terms in which D is found to be cliangcti, 
which being done, we Ihall have 

_ D Rft + BRfft— BlDrf 

^ ^ IDt — tDr — IDf — kDt + krt— lilrf" 

Thefe are the three general Tbssrems for finding 
the principal /«fKj of rays tailing, diverging, paral- 
lel, or converging on a double convex /^rj. 

If the km be made of glafs, as lenfes ufiially are, 
and theobjeft be placed in air, then, fince the fine 
of incidence of a ray palling out of air into glafs, 
is to the fine of refraftion, as 3 to 2, I, R and B 
will be 3, 2, and 2 ■, and the foregoing general 
Theorems for finding the foci of rays falling diverg- 
ing, parallel, and converging, on a double convex 



glafs, will be z ; 
6rf — 2ft 



6Di-? H- 4rft — i DrfC 
3Dr+3Uj— jUt+zDt + irt— 6rf' 



J-- -^- 3f — i' + 2L 



, and 
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aDpt + 4Tpt — 6Drp 

' ■*" 3DC -— 3L)i — 3Df — 2l>t + are — brf ' 

Ard tf the r«iftV be equal, and the thickncf^ of the ^^_ 

glals be negleA^d, or confidered as o, then trifl ^^H 

ihcfi: Theorems (land thus, z ^ fT^^ z ™ r, aej ^^H 

"' If the lens be a double concave gials, the yadii rf ^^^| 

Whofe two Cpherical (tirfaces are equal, and if th# ^^H 

diicknefs of the ieHs be cOnfidered as o, the radH ^^H 

wi!l Me tin different fides of the lem with refpeft ttt ^^^ 

thfc ot^eft from what they did before, and ccmfc> H 

quentljr, the figns of the radii muft be changed t I 

■and then the ialt TheerttuSy in which the radii VKtb ^^J 

4lippoftd to be equal, and the thicknefs of the g\a.(k ^^H 

*as negleded or confidered as o, will ftand thuS, ^^H 

^ = dTk' ^ = ""•■• '"'^'^ = r:n5- ^y^'^^ ^M 

Thegrems, z is always negative when the rays fall up^ ^^^| 

■on the dmible concave, diverging, or parallel, and ^^^| 

when they fall converging it is negative when D ift ^^^| 

greater than r. When z is negative, the focus falls ^^H 

on the fame fide of the glafs with the objeft, con- ^^^ 

trary to what it does in all cafes of a double convet 1 

iens, excepting that of diverging rays, when the dif- J 

tance of the obje(n: is lefs than the rsdins, or D is ^^J 

jefs than r. For in that cafe, z, which is equal to ^^H 

Y^ , will be negative. ^^^| 

By this Problem we may determine how far a ra- ^^H 

diating point muft be diftanc from the eye, to have ^^H 

the principal /ocHJ of the rays iffuing from it placed ^^^| 

in the rett'na, on fuppofition that the coats and hu- ''^^^| 

mours of the eye are unchangeable as to their fi- "^^^f 

gures, magnitudes, and denfities. ^^^H 

Let ABGz rcpreient a human eye, in which ABG PI.- >'■ 

is the cornea, AMCNGB the cavity containing the ^'S- ^■ 
aqueous humour, MCND the cryftallinc humour, 
• ■ \ 4 and 



4o» 



I 
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and AMDNGz the cavity containing the vitreous 
humour. According to Doftor Jurin, the radii 
of the fpherical furfaces of the cornea and of the 
cryftalline humour, that is, of the fpherical fur- 
faces ABG, MCN, and MDN, are in loth parts 
of an inch, 3.3294, 3.3081, and 3-5056 ; and the 
diftance of the cornea from the anterior part of the 
cryftalline, the thicknefs of the cryftalline, the dif- 
tance of the pofterior part of the cryftalline from 
ihe retina, and the diftance of the cornea from the 
retina., are in the fame parts of an inch, 1.0358, 
1.8525, 6.2617 and 9.15- Let Q^be the radiating 
point, q the principal focus of the rays by the firft 
rcfraftion of the aqueous liumour, by virtue of 
which refrajftion they fall converging on the cryftal- 
line, and let z be tlieir focui after their refraftions 
by the cryftalline and vitreous humours. By taking 
the fpecifick gravities of the humours of the eye, 
I have found that the fpecifick gravities of the 
aqueous and vitreous humours are very nearly equal, 
and each much the fame with that of water ; anti 
that the fpecifick gravity of tiie cryftalline is great- 
er than the fpecifick gravity of water, in the pro- 
portion of about II to 10. For the mean fpecifick 
gravities of five cryftalline humours of oxen's eyes, 
and of three cryftalline humours of flieep's eyes, were 
11134 and 1 1033, the fpecifick gravity of water 
being 10000, arid the mean of theie two means, is 
1 1083, which I Jhall fuppofe to be the fpecifick 
gravity of the cryftalline humour of a human eye. 
But the refraiflive power of the cryftalline is very 
nearly proportional to it's denfity, and the line of 
incidence of rays pafting out of the aqueous humour 
into the cryftalline, is to the fine of refraction, very 
nearly as 21 to 20, as I ftiall Ihew in the Scholium. 
And confcquently, I will be 21, and R will be 20. 
From ihefe meafures I now proceed to determine 
the diftance of a radiating point from the cornea, 
that is, the diftance of Q^from B, lb as that the 
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facus of the rays, ifliiing from it and falling diverg- 
ing on the cornea., may by the refraftive powers of 
the aqueous, cryftalline, and vitreous humours, be 
placed in the retina at z. By the refraftion of the 
aqueous humour, the rays fall on the cryftalline 
with fuch a degree of convergence as would make 
them unite at q. In the univerfal Theorems there- 
fore for finding the principal focus of rays falling 
converging on a double convex lens, Cq is D, Dz 
equal to 6.261 7 is z, the radius of MCN is r, the 
radius of MDN is g, CD the thicknefs of the cryf- 
talline is t, and I and R are 2 1 and 20. And by 
clearing D in that 'Theorem, we fliall have D = 

liIrFZ+ BRrft—Rrtz 

EIrf+ltz — Irz — Ipz — Rft — Rtz " *°-3I02 _ 
Cq. And Cq-)-BC = 1 1 .346 = Bq. 

In the Theorem for finding x, Bq is x, QB is D, 
I is 4, R 3, the fine of incidence of rays paf- 
fing out of air into water or into the aqueous hu- 
mour, being to the fine of refraftion, as 4 to 3, and 
the radius of the cornea is 3.3294 loth parts of an 
inch 1 confeqiiently, D is 57.48, that is, abouc 
5 inches and 3 quarters. So tliat fuppofing the eye 
to be unchangeable, a radiating point placed at the 
diftance of g^ inches from it, will have its image 
placed in tlie retina. 

SCHOLIUM. 
" Let AB reprefent the refracting plane furface pi. ,, 
*' of any body, and IC a ray incident obliquely on Fig. ; 
*' the body at C, fo that the angle ACI may be 
" infinitely little, and let CR be the refraifted ray. 
" From a given point B perpendicular to the re- 
" fraifting furface eredt BR meeting the refrafted 
" ray CR in R, and if CR reprelent die motion of the 
" rcfrafted ray, and this motion be diftinguifiied in- 
" to two motions CB and BR, vi'hereofCB is parallel 
" to the refrafttng plane, and BR perpendicular to 
" it : CB fliall reprefent the motion or the incident 



*' ray, and BR the motion generated by the refrac- 
•' tion." Newt. O^/. /'rof. lo. p. 245) 246. CBR is 
equal to the angle of" incidence, and CRB is equal to 
W£ angle of retVafftion 1 confequcntly, if R be made 
the center, and a circle be liippofed to be drawn witfa 
the radius CR, CR will be the fine of the angle of 
incidence, and CB the fine of the angle of retracti- 
on i and, putting I and R for fhofe lines, we (haU 
have this analogy, I . R : : C R . C B, Henc« 

"Rr- = — CB^' °'"F-'=CB^- ^"*^'^« 
motion of the ray at its incidence reprcfented by 

CB, is given; and therefore, jt- — i is as BR'. 

But by the aforefaid propofition BR' expreiTcs the 
refraftive force, and is nearly as the denfity of the 
body, as Sir I.Newton found, by computing BR' 
ftam the fines I and R in feveral bodies, and then 
comparing it with their refpetftive denfities. And 
confequently, putting D for the denfity of the 

body, 5^ I is as D, and -p- as ^D + i. In paf- 

fing out cf :•> into -water -jr is 4i and, the denfity 

of wicer being loooo, y^D 4- 1 is 10004 : And In 

paiTing out of air into the cryitalline, whofe denfity 
is to that of water as r 1083 to loooo, y'D -(- i is 
10528. Therefore in paffmg out of air into the 

cryftalline -j- will be -f 1 for 10004 . 10528 : : xi 

jB^-rr = T very nearly. 7^ in pafling out of the 

aqueous humour into the cryftalline, will be com- 
pounded of the ratio \ and \ by the fecond 'Theo- 

rem of the Opticks, p. 113; and therefore tt- will 

be equal to '4 ; or I will be to R, as 2 1 to 20. 
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